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THE RAINS OF THE NILE BASIN IN 1904. 



From April to September each year the rainfall of the Nile basin 
should be of great interest to all who live in Eg} pt and the Sudan. 
In early April or even the second half of March the first rain storms 
break on the southern end of the Abyssinian tableland and add a small 
and almost inappreciable c^ontribution to the low stage supply of the Nile, 
which has by this time fallen almost to its lowest in Eg}'pt and ev(Ty 
available drop is retjuired for irrigation. After this, as the months of 
summer arrive, reports are received weekly, fortnightly, or even monthly 
from the more remote portions of the basin, and the amount of rain 
which has fallen at various points is pubhshed for information. But 
this is of little practical value so long as the average rainfall Jind its 
distribution is not generally kncfvvn, and at the present time such w'ork 
as has from time to time been done on this subject is ngt. readil}^ 
accessible in this country. I have endeavoured therefore to collect in 
a convenient form such data as may give an approximate idea of the 
average rainfall and to compare with them the re&ults of such obser- 
vations as were made in 1904, in order to illustrate the seasonal increjise 
and decrease of precipitation over this area. 

Five years ago there were not more than six or eight places in the 
Nile basin where the rainfall was being measured regularly, while to- 
day there are more than forty, of which thirty-two lie to the south of 
Berber (lat. 18° N.). The parts pLayed by the different tributaries of 
the Nile have also been determined during the last few years * so that 
we are now able to recognize with very fair accuracy the share which 
the rainfall of the different districts takes in supplying the Nile, and 
to trace the effects of excessive or deficient rainfall in anv area. The 
next step towards a thorough understanding of the conditions w-hich 
govern the rainfall is to trace the relation between the rainfall in 
different parts of the basin, but this is not so simple. We are as yet 
far from knowing why the north of the Uganda province had })heno- 
menally heavy rahis in 19()o while the Nile flood snp])lied by the rains 
of the Abyssinian tableland was 1 1 per cent ])elow the average, or why 
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the rains of 1902 and 1904 were heavy and fairly lieavy in the south- 
ern area while the Abyssinian rains were very much below the 
averaf^e, the Nile flood being only 0*63 and 0*75 of the volume of an 
average flood. * It is therefore with the view of advancing our 
knowledge of the conditions which affect the rainfall in these regions 
that the present discussion is undertaken. The materials utilized are 
derived from various sources; the stations in Egy[>t and the Sudan 
forward their observations to the Survey Department for compilation and 
publication, while Dr. Wakeman, of the British Agency at Addis Abbaba, 
sends observations from there. For Erithroea they are published monthly 
in the "BoUettino Agricolo e commerciale della Colonia Eritrea." f 

From Uganda and British East Africa the very valuable rainfall 
data are communicated monthly by the Directors of the Scientific 
Departments by the permission of the Colonial Office. 

In order to understand properly the seasonal variation of the rainfall, 
the relative positions of the equatorial low pressure belt and the high 
pressure areas to the north and south of it at different seasons must 
be borne in mind. In this central low pressure area there is an 
ascensional movement of the air, so that its moisture is condensed to 
form clouds and rain. As the air flows upwards and outwards, its 
place is taken by air which flows in from the high pressure areas to 
the north and south, as north-easterly and south-easterly trade winds. 
This ai-censional movement is most marked where the heating effect of the 
sun is greatest, and this will be where the sun is in the zenith at noon. 

In January the thermal equator is far south of the geographical one 
and the sun is in the zenith at noon between 22°. 58' S. and 17°. 14' S., 
while the line of low pressure lies rather further to the north. J The 
heaviest rainfall is now in the neighbourhood of lake Nyassa, and 
lighter rain falls as far as lake Victoria, while it may become heavy 
whenever the south-east trade winds strike high hills, and the air is 
forced to rise. Over all Egypt and the Sudan this month is rainless, 
except in the northern Delta where the cyclonic storms of the Medi- 
terranean furnish a moderate rainfall, and along the west shore of the 
Red Sea where there are also winter rains, but these last are not within 
the Nile basin. 

In February the sun is overhead at noon between lat. 16°. 57' S. and 
7°. 46' S., while the low pressure belt has moved northwards ; the 



* Considering the flood as representerl !)y the volume of water passing Aswan between July 1 
and October 31. 

•f Published at Asmara. 

J Comixire Herbertson. "The distribution of rainfall over the land." lloyal (leog. Soc. L<3ndon, 
1901. 
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heaviest rainfall is in the neighbourhood of the north of lake Nyassa 
and the south of lake Tanganika. 

In March the noonday sun is vertical between 7°. 23' S. and 4°. 2V N. 
and heavy rainfall occurs west of lake Victoria while there is a marked 
increase all over the lake basin and in northern Uganda, while the 
first showers fall in southern Abyssinia. 

In April the sun is between lat. 4°. 44' N. and lat. 10°. 56' N., while 
the low pressure area lies over the southern Sudan. Bainfall is heavy 
over the lake plateau, while the first rains begin on the Bahr el Jebel, 
the Sobat and southern Abyssinia. 

In May the zenithal midday sun lies between lat. 15°. 14' N. and 
lat. 22°. 0' N. ; the low pressure has moved further north, and rainfall 
is heavy on the lake plateau, the southern Sudan, and southern 
Abyssinia, while it is beginning in northern Abyssinia. 

In June the sun reaches its greatest declination north, and begins to 
return southwards ; the low pressure area includes all the Sudan plains 
where the rain is heavy, while on the lake plateau it has materially 
diminished. On the Abyssinian tableland it is increasing rapidly being 
already very heavy in KafFa and Wallega south of the Abai river. 

In July the sun is in the zenith at noon at 23°. 5' N. in the beginning 
and at 18°. 10' N. at the end of the month. Low pressure lies over the 
Sudan and the minimum is situated near Suakin-Berber-Khartoum; 
rainfiall has diminished greatly on the lake plateau where the dry 
season with its rapid evaporation has set in; on the Bahr el Jebel the 
rains have moderated somewhat, but on the Abyssinian tableland and 
in the northern Sudan they are heavy. 

August is very like July though the sun's north declination has 
considerably decreased and by the end of the month it is in the zenith 
at noon in lat. 8°. 29' N. The equatorial rain-belt has also moved 
southwards, but over the whole Sudan and the Abyssinian tableland 
the rains are normallv at their maximum. 

In September the conditions change rapidly as the sun is zenithal 
at noon between 8°. 7' N. and 3°S.; pressure rises rapidly over the 
Sudan and Abyssinia and the rains decrease, so that by the middle of 
the month the rainy season is considered to be at an end, except 
on the southern part of the Abyssinian tableland, on the upper reaches 
of the Bahr el Jebel, and the northern extension of the lake plateau 
where it is still heavy. Near the lakes the rainfall increases again as 
the rain belt returns southward. 

By October dry hot weather has set in over most of the Sudan 
though rain still falls on the Bahr el Jebel and heavily in its southern 
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part. The sun has passed the equator and is zenithal l)etweeii 3°. ^3' S. 
and 14°. 17' S. Rain increases over all the lake plateau and is heaviest 
on the hills of northern Uganda and round the Albert lake. 

Bv November when the sun is in the zenith at noon between 
14°. S6' S. and 21°. 45' S. rainfall is heaviest over the whole lake plateau 
forming the autumn rainy seiison of this part ; from the high altitude 
of much of the country in the north of Uganda as far as lat. 3*^. N^. 
rsiin is still falling heavily there though it has practically ceased in the 
southern plateau of Abyssinia, while on the Sudan plains no rain now 
falls. 

In December the conditions are almost the fc?ame as those of January, 
except that the rainfall on the lake plateau is heavier; the sun is at its 
extreme southern limit and the whole of the basin north of lat. 1^ N. 
is practically rainless. The heaviest rainfall has moved south to the 
Tanganika-Nya^sa area and Tabora, 150 kilometres south of lake 
Victoria, is now receiving its heaviest rain. On the western shores o£ 
the Red Sea the winter rains have recommenced, and also on the 
Mediterranean shores of the Delta. 

Having now described shortly the periodical oscillation of the 
rainfall from south to north, and back to south again, we can more 
(nisilv follow the variations of the rainfall of 1904. For most of this 
the calendar year is a convenient division since the maximum rainfall 
is in the summer, but for the study of the winter rains it is not so 
convenient since their season is from November to February. 

Tlu^y had better therefore be taken separately, and this may be 
tlone the more easily as they do not affect the Nile supply, but are 
]>urcly local in their effects. Those of the Red Sea hills lie outside 
the Nile basin, while the Mediterranean coast rains are mainly of 
importance for the crops of barley, etc., which are raised on the coast 
bolt to the west of Alexandria. 

The total rainfall at Cairo in 1904 was 24 millimetres as comjmred 
with the mean amount 31 mm., but this rainfall as well as the 
occasional showers recorded in Upper Egypt are unim|X)rtant. At 
Helwan Observatorv the amount was 50 mm. 
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Table I. —Delta Winter Rains 1903-1904 in 


Mill 


tMETRES.* 
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October 1903 


0-0 




Observations cc 


iced J 


Jovein 


K)3. 




November „ 


9-9 


3-3 


1-0 


1-8 


0-5 


1-7 


0-0 


0-0 


0-0 


0-0 


{)'{) 


December „ 


23*8 


21-5 


3-5 


3-8 


1-5 


3-5 


4-8 


5-1 


8-0 


3-0 


2-0 


January 1904 


62-7 


53-7 


42-0 


12-8 


23-1 


14-4 


15-0 


11-0 


15-8 


14-8 


24-0 


February ,, 


12-5 


14-9 


19-5 


34-2 


33-8 


19-0 


10-8 


13 -5 


14-5 


H'2 


12-2 


Marcb „ 


0-4 


1-3 


4-5 
70-5 


4-(> 
57-2 


4-0 


3-8 
42-4 


2'^ 
39-4 


2-H 


()-2 
44-5 


1-5 


()•() 


Total Nov.-March. 


109-3 


94-7 


62-9 


32-4 


27-5 


38-2 



Delta Winter Rains 1904-1905 in 


Millimetres. 
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2-2 
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October 1904 


2-7 


45-0 


7-2 


0-8 


3-5 


0-0 


1-0 


0-0 


November „ 


64-9 


70-9 


42-8 


29-0 


39-0 


19-5 


12-8 


10-5 


17-5 


1-8 


21 m; 


December „ 


50*5 


61-4 


07 -S 


45-4 


52-0 


35-8 


57-0 


29-6 


35*5 


H'^ 


45-7 


January 1905 


45-8 


40-7 


27-0 


10-6 


21-8 


0-5 


10-0 


8-1 


5-0 


0-8 


5-5 


February „ 


15-9 


27'7 


55-5 


22-5 


33-0 


17-8 


14-2 


16-2 


11*5 


2-2 


20M) 


Msirch „ 


14-1 
193-9 


14-7 
246-0 


7-5 
245-9 


10-5 
125-2 


29-5 


24-5 


16-5 


15-5 


ll-O 
80-5 


7-0 
21G 


I8-5 


Total Oct. -March. 


l()l-() 


112-7 


79-9 


111-3 



On the western shore of the Red Seji the winter rains are of import- 
ance though they do not reach the Nile basin. In years of heavy 
rainfall in Abyssinia a little rain may fall at Suakin in July but usually 
the rainy season there is from October to February. At Massaua it is 
the same and as the tableland is approached the rains encroach on the 
summer months till at Ghinda l)oth rainy sesisons are experience<l. 







Mean 


Rainfall in M 


ILLIMETRKS 










k 


Years of 
Observation 


Jan. 

28 


Feb. 
11 

• 


Mar. 




Apr. 
1 


May 
1 


June 



July 
4 


Aug. 

6 


Sep. 




Ort. 

38 


Nov. 

93 


L)e<-. 

59 


Ywr, 


Suakin • 


14 


241 



* All these stations are in Beheira province on the west of tlie Delta. 



8 - 



Rainfall 1904 in Millimetrbs 





Jan. 
8 


Feb. 



Mar. 



Apr. 




May 



June 




July 



Aug. 



«ep. 



Oct. 

87 


Nor. 
fiO 


Dec. 
19 


Year. 


Suakin ... 


174 



In Table II is given the total rainfall for each month for thirty 
stations from Khartoum on the north to Mbarara, west of lake Victoria, 
on the south. There are besides the German stations of Bukoba, 
Muanza, and Shirati on the shore of lake Victoria, and probably the 
mission station of Masaba close to Mount Elgon since observations were 
taken there in 1903, but it has not been possible to obtain the results 
of these observations for 1904 in time for insertion. 

For comparison with these totals the mean monthly rainfall is given 
in Table III, but for these mean values but little accuracy can be 
claimed as only five stations have observations which extend over more 
than five years. The most that can be said is that the table furnishes 
the best approximations to the mean values which it is possible to 
obtain at present. 

The difference between the stations on the north with a single rainy 
season and the equatorial stations where there are two rainy seasons 
and two dry seasons is well shown in both tables, and the line of 
demarcation seems to be somewhat north of Wadelai ; signs of it occur 
in the Nimule and Gondokoro observations, but these series are not 
sufficiently long to give reliable results. It is characteristic of the 
rainfall in these parts that it falls in heavy downpours and usually as 
a violent thunderstorm ; places at a comparatively short distance apart 
may in any year receive very different amoiuits of rain, so that a com- 
paratively long series of observations is necessary before a good value 
of the average rainfall and its distribution in the Nile basin can be 
obtained. 

As the mean values are not yet reliable, the difference between the 
rainfall of 1904 and that of 1903 is given in Table IV. But these 
data must be used with caution for while in 1903 the Abyssinian rain- 
fall supplied a flood which at first was weak, but improved in August 
and September until the total volume was only about 11 per cent below 
a mean flood, in northern Uganda and the upper reaches of the Bahr 
el Jebel the rainfall was phenomenally heavy, high river banks were 
flooded, and huts of the natives were submerged which had for some 
years past been considered as above flood level. 
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Table II. — Monthly Rainfall 1904 in hillihbtres 
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Bahr el GhazaL 




























(Tail* ... ••• ••. 


< .. 


36 


...> 


11) 


1.-54 


169 


107 


120 


77 


44 


10 





716 


Bahr el JebeL 




























Ghaba Sliambe ... 





i 


1 


24 


102 
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49 
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11 


11 
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Gondokoro 


1 


32 
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57 
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32 


6 
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mniule 
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48 


24 


67 


164 


98 


134 


123 


127 


38 
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Wadelai 


10 
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145 
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59 
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60 
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58 
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55 


67 
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21 
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69 


84 
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Lake Victoria. 
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91 
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46 
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59 


66 


203 


186 
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•Jmja 


4K 


47 


145 


151 


77 


(>-2 


22. 


125 


73 


88 


147 


131 


1116 


Muniiai* 


18 


66 


152 


279 


172 


221 


175 


203 


126 


126 


96 


114 


1748 


Jvisumu 


{) 


36 


96 


\22 


146 


17 


43 


118 


43 


91 


144 


249 


1105 


Masaka 


71 


127 


84 


220 


242 


14 


4 


43 


113 


92 


121 


139 


1276 


Mbarara 


151> 


162 


188 


126 


181 





43 


256 


291 


311 


345 


254 


2316 
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Table III. — Mkan monthly rainfall in millimetres. 
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Khartoum 

Kasssala 
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El Uuoim 
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Kodok 
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Adua • 
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Gondar 
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fTflll ••. ••• .•• 

liahr el JeheL 

Ghaba Sbambe ... 

Molilalia 

lijido 

Goiidokoro 

Nimulc 

Wadelai 

Lake Alhert. 

Biitif'd)a 

Fort Portal... . 

I^ake Mrtoria. 

Entrbbo 

M(in^o 

Jiiija 

Miimias 
Kisimui 

Masaka 

Mbarara 
Biikoba 
Sliirati... -... 
Mufinzji 
Tabora 




* ProlMibly Uhj hijrii h iih'sui valiu* dxiv to iVM) iniii. Imviii^ l)et*ii ivcorded in August 181>6. 
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Considerinof Table II tonjether with Table III it will be seen that 
in Jaruiary on the lake plateau the rainfall' wjis rather below the average 
as judged by Kisumu, Mumias, and Entebbe, the three stations having 
the longest series of observations, but as is normally the case no rain 
fell at other stations to the northward. 

In February most of the plateau stations, Mlmrara, Kisurau, Mumias, 
Jinja, Entebbe, and Fort Portal are slightly deficient, but further north 
the early rains at Wadelai and Gondokoro are somewhat heavier than 
usual; still these only represent the occasional rainstorms which occur 
before the a)mmencement of the 'proper rainy season. 

In March the i)lateau rains were up to the average as given in 
Table III and also those of the southern part of the Bahr el Jebel, while 
the light rains extended as far as the Sobat. In Abyssinia Addis Abbaba 
received 117 nun., but this was from its position near the top of the 
eastern escarpment of the tiibleland, for the southerly winds had as 
yet only reached the plateau of Kaffa to the north of lake Rudolph. 

In April the lake plateau seems on the whole to have been somewhat 
deficient in rain, Mumias, Jinja, and Fort Portal were below the mean 
value though the other stations fully reached it ; the upper Bahr el 
Jebel area shows but little difference from the mean values, and the 
light rains extended in this month to El Obeid. In Abyssinia owing 
to the absence of rainfall stations in the basin of the Blue Nile we 
ain only deduce the variations in the rainfall from the river gauges 
which will be discussed later. 

A communication from Egypt dated April 26 and published in "The 
Times" of May (5, 11)04, stated that unusually violent north winds were 
reported from the stations on the White Nile, and added, that the 
rareness of these phenomena at this season gave grounds for predicting 
heavy rain at no distant date and in consequence a full and early Nile 
flood. Whoever gave this opinion was mistaken both in his data and 
tlie conclusion that he drew from them. The winds at Dueim in 
April Avere somewhat stronger than in 1903 but not esjxicially high 
and being only estimations and not actual measurements too much 
reliance should not be placed on them; observ^ations only exist for 
1901-1904 so that it is too soon to say with any accuracy what the 
mean conditions are. 

The wind direction was also normal as may be seen from the follow- 
ing table in which tlie gradual increase of southerly winds is shown. 
The barometric minimum at this time of year probably lies over the 
country south of the Sobat, and it is difficult to see how the force of 
the north-east trade wind am be a proof of unusual strength of the 
moisture-laden southerly winds which bring the rain. 
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March, 1904. 
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SK 


S 
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Moan Force 
1—10 
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« • • 
• • • 
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• • • 


• • « 

• • • 
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5-0 
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22-0 
18-0 


• • • 

• • • 


G 
6 


Totfll... 

Total for 
1903 ... 
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• • • 

2 
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• • • 
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2-0 


• ■ « 
« • • 


« • • 

5 



Ainil, 1904. 

Wind directiont observed. 
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G 
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33-.'> 
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• * • 
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7-0 
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In May on the lake plateau rain was rather above the average causing 
the maximum at some stations to occur in this month instead of April; 
the upper Bahr el Jebel received an amount which was near the aver- 
age, as also was that on the lower Sobat and at Kodok. Addis Abbaba 
was below the average of May, and the stations of the Sudan plains 
show no marked excess. 

There seems to have been a general idea at the beginning of June 
that the prospects of the Nile flood were good, though it is diflicult to 
see on what they were based. As we have seen, the rains in Uganda 
and the southern Sudan up to the end of May were normal or rather 
below normal but there was nowhere any marked indication of excess. 
Sir W. Willcocks wrote • " Egypt has had a very good supply this 

year; the Atbara and the other rivers are coming down fairly 

early, so that all anxiety about want of water may be dismissed for 12 
months "; this was too sanguine a view as in May the main rains have 
not yet set in, even in southern Abyssinia, and the most that it seems 
possible to deduce from the meteorological conditions of this month is 
whether they are favourable or unfavourable to the further develop- 
ment of the Abyssinian rains. 

In June interest centres rather in the Sudan plains and Abyssinia 
than in the plateau of Uganda where the rains are decreasing. On the 
Bahr el Jebel rainfall was deficient, the totals for Wadelai, Gondokoro 
and Mongalla taken together being only one third of the mean value. 
On the Sobat, at Kodok, Doleib Hilla, and Nasser the amounts were 
about normal but Wad Medani, Kassala and Khartoum were below 
the average. In Abyssinia, Addi Ugri in the north and Addis Abbaba 
in the east, are the only stations which have the results of previous 
years as a means of comparison, and the latter was below while the 
former was above the mean. 

July was still slightly in defect on the Bahr el Jebel, while in Abys- 
sinia the rain increased at Addis Abbaba, being about normal at Addi 
Ugri. 

In August which should be the month of heaviest rainfall in Abys- 
sinia there was a rapid falling off, Addi Ugri only recording • 63 and 
Adis Abeba O'ol of the average amount; stations on the plans show 
little deficiency but that of the rains on the high tableland affected the 
Blue Nile severely. 



* Egyptian Gaz^e^ June 11, 1904. 
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Taking from Table III the mean rainfall at Keren, Addi Ugri, Gondar 
and Addis Abbaba for the months May to September we have for the 
distribution of the rain which supplies the Nile flood: — 



Mkan Rainfall in Millimktrs. 





May. 


Juno. 


July. 


August. 


St»ptoinl>cr. 


Keren 

Addi Ugri 

Gondar 

Addis Abbaba 


2.5 
43 

07 

89 


107 

67 

122 

158 


106 
148 
290 
298 


300 
178 
372 
270 


78 

34 

103 

180 


ixLean ••• ••• ••• 

Percentage 


56 
7-5 


114 
15*0 


210 
27-5 


280 
37*0 


99 
13-0 



If therefore the August rainfall was deficient this year to the extent 
of about 0'4 which seems a fair deduction from the river gauge data, 
the water supply of the Nile flood was thereby deprived of about 14 
per cent of its volume in that month alone, and this is a large amount 
when it is remembered that the volume of the flood of 1899, one of 
the lowest recorded, was 0*63 of the volume of an average flood as 
derived from the gauge records at Aswan. 

September is normally a month when the rain falls off rapidly and 
it is seldom if ever that the September rains of Abyssinia are heavj 
enough to make up a really serious deficit in the August rains. 
This year they seem to have been a little below the average in Abyssinia, 
and slightly above it on the Sudan plains, Kassala's record of 127 mm. 
being probably a high one. 

The October rains were light in the Sudan but on the Bahr el fJebel 
as the rain-belt returns the precipitation increases and this year it was 
slightly above the average. This was the case also over the lake plateau 
and the rain on lakes Victoria and Albert was a^cain heavy. 

November is the winter month of heaviest rain on the lake plateau 
from Nimule southwards and in 1904 was above the average so than the 
lakes will in all ])robability remain at a high level through the coming 
year, as the autumn rains are much more effective in this that the 
April-May rains. It is interesting to note in this connection that the 
same conditions have affected lake Rukwa in lat. 8^ S. which was dry 
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in the middle nineties but has risen very greatly in 1903 and 1904 
and is now at a high level. * 

The December rainfall is restricted to the lake plateau and especially 
the southern part of it where last year the fall was, like that of 
November, above the average. 

The effect of this rainfall on the Nile may next be studied. 

In 1903 a moderate rainfall on the Abyssinian tableland provided a 
fair flood, and since this rainfall continued late and heavy in the 
autumn months the Blue Nile and the Sobat fell more slowly than 
they would otherwise have done, as the Abyssinian springs were able 
to furnish a larger supply in the spring and early summer, so that the 
low stage of the river in 1904 was fairly good, the gauge readings at 
Wadi Haifa differing but little from the mean of 15 years as shown in 
the following table: — 



Mean difference from gauge readings 1890-1904. 



January 
February . 
March... . 



• ■ • at' 



I • • • « 




jtjLf/rii • • 9 •«• «•• •«• 

U^CkjF ••• ••« •*• •«« 

O LIUD ••• •*• ••• •«• 



Metre 



-0-07 

4-0-03 
-hO-07 



although the flood of 1903 had not reached the average volume of the 
last 35 years, but was about 11 per cent bplow it. f 

Lake Victoria had risen considerably in 1903 and heavy November 
rains had broui^ht it to the level of 0*90 metre (Kisumu gauge) in 
December (Plate I.). 

Tlie Albert lake had likewise risen 0*83 metre between March and 
Nov(5mber 1903 J and by the end of December it had probably risen 
some few centimetres more. On January 1st 1904 the Wadelai and 
Gondokoro gauges were 1'90 metre and 1*62 metre respectively, 
compared with 0*76 metre and 0.74 metre on the same date of the 
year before. 

Generally then it may be said that lakes and rivers were at a very 
fairly high level at the beginning of the year. 



♦ "Globus," vol. 87, No. 5, p. 84. 

t Consideriog the volume of water pfi8sing Aswan betweeu July 1 and October 31, as defluoed 
from the gauge readings, to represent the flood. 

J "A Report on the Baain ot the Upper Nile," Cairo, 1904, p. 81. 
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Lake Victoria remained steady throughout January and February 
but commenced to rise about the middle of March when the rainy 
season set in. This continued throughout April and May until the 
early part of June when the level began to fall slowly and continued 
to do so until the middle of November ; the autumn rainy season then 
caused the lake to rise until the end of the year. This variation of 
level however will have had no effect on the supply which reached the 
Bahr el Jebel since the action of the lake and swamps of Choga is to 
moderate any variations in the volume discharged at the Ripon falls, 
and deliver a practically constant volume at Mruli from season to 
season and from year to year since the Mruli-Foweira reach of the 
Victoria Nile shows hardly any rise of level even in the rainy season. 

Gauge readings were commenced on the eastern shore of the Albert 
lake at Butiaba on February 19 and until March 10 the lake was falling 
from its maximum of the previous December; after this it rose slightly 
in March and April, remained almost stationary in May, June, and 
July, when evaporation and discharge balanced the supply received, 
but began to rise with the later rains and continued to do so up to 
the last week in December. 



Mean level of Albkrt lake 1904. 



January ... 



February... 
March 



Metre 



1-72 
1-66 



April 
May.. 
June 



Metre 



1-67 
1-68 
1-C8 



July 

August ... 
Septenil)er. 



Metre 



1-G8 
1-70 



1-74 



October . . . 
November... 
December... 



Metre 



1-74 
1-80 
1-85 



Here as in the Victoria lake the early rains of April which are 
followed by the dry season Jime and July appear to have a much 
feebler effect than the autumn rains in determining the mean level of 
the lake for the coming year. 

In the case of the Albert lake this is increased by the heavy rainfall 
in Acholi, the hilly region lying east of Wadelai and north of the 
Murchison falls, which must furnish a large supply to the Victoria 
Nile below Foweira and to which the flood rise of this reach is due ; 
taking the rainfall of Wadelai and Nimule as a guide there must be 
heavy precipitation m this area up to the end of November. 

The gauge curves for Wadelai, Gondokoro, Mongalla, and Ghaba 
Shambe are given on Plate II and by the aid of them the effect of the 
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rainy season on the Bahr el Jebel can be seen. The Wadelai curve 
is very different from that of 1903 which showed many subsidiary 
rises and falls, so that it is questionable whether it records truly the 
variations of water level. The gauge is placed in a brick-lined well * 
and it appears as if the connection between the well and the river had 
been sanded up, and from time to time was partially re-established ; 
unlesvS this is the case the large rise on Augast 7 is difficult to under- 
stand since the lake level is stationary. 

Gondokoro furnishes a complete series of readings for the yearf 
which show well the weakness of the rains in the early part of the 
summer, as in 1903 the river level rose steadily from the beginning 
of May until the end of July, about 0'80 metre in all, whereas in the 
present year in spite of occasional rises lasting for a few days the level 
was the same at the end of June as at the beginning of May, and 
only 0*40 metre higher at the end of July ; after August it fell 
gradually in spite of occasional flood waves coming down. 

The Mongalla gauge was twice broken during the year and up to 
the present the data necessary to connect the later observations with 
those up to September 29 are not forthcoming. In the early summer 
the variations of river level closely follow those of Gondokoro until 
August 3 after which date the Mongalla level remained apparently 
almost steady though at Gondokoro there was considerable variation. 
The conclusion is unavoidable that during August and the early part 
of September the gauge readings were not taken daily and do not 
therefore represent truthfully the variations of the water level. 

Lower down the Bahr el Jebel the rise of the water level is much 
more regular; the early rises at Gondokoro and Mongalla are not felt, 
but those of May, June and July are, while the highest level was 
reached at the end of September, the total range being 34 centimetres. 
The level in December was stationarv which was not the case in 1903, 
but by the middle of January the fall recommenced; this interruption 
of the fall of level may have been due to the combined effect of wind 
action and of the supply from above being sufficient to maintain the 
Shambe lake at its level, but no proof of this is available; in 1903 the 
fall of the water level went on continuously. 



♦ " A Report on the Basin of the Upper Kile, " Cairo, 1904, p. 94. 

t Bv an error of reading all levels of the river after December 1, 1903 were read 1 metre too 
low on the inclined scale, or Ov% metre vertical po that this correction has to be applied to all 
readings. In the diagram this has been done. 
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1M)5 


0'20 
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1-60 




i-e.-) 




January 1 ... . 






I'fil 


0*14 


1'6.5 


0-00 


10 ... . 






1'51 




1M>5 




20 ... 






1-45 




1-.58 




February 1 ... , 






1-40 


0-21 


1-50 


0-1.5 



A very valuable record of the south Abyssinian rains is furnished 
by the Sobat river gauges at Nasser and the American Mission station 
at Doleib Hilla. The Nasser gauge readings are not yet quite free 
from doubt as there appears to be one gauge on the river bank and 
another near the fort which is used when the river is at its highest 
level so it is the relative .rather than the absolute difference of level at 
various dates which we must consider. Turning to Plate III the lirst 
rains on the Kaffa tableland caused a sharp rise in the river abo.it 
March 10 though even on the 1st a slight rise took place. The former 
rise is clearly marked, though much modified in range, at Doleib Hilla 
and Taufikia, while a very slight rise at Dueim on April 3 and 4 may 
possibly be due to the same cause. Afterwards two other rises at the 
beginning and end of the month are recorded at Nasser and more 
faintly shown in the gauge curves of Doleib Hilla and Taufikia. On 
May 1 the effect of the heavy rains is first felt and from this date the 
Nasser gauge rises steadily until the end of October, showing that the 
rains in this part of Abyssinia having once set in continue with suffi- 
cient regularity to furnish a steady supply to the Baro river. The 
regularity of the curve is very noticeable if it is compared with that of 
Roseires or any other gauge station on the Bhie Nile. (Plate IV). 

The lower gauges follow the same steady rise as that of Nasser and 
it is very noticeable how completely the Sobjit, as represented by the 
Doleib Hilla gauge, impresses its character throughout the year on the 
White Nile; only in the early part of Jamiary of this year, 11)04, was 
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the fall at Taufikia somewhat slower than that at Doleib Hilla, the 
level being presumably maintained by the water held up in the White 
Nile above the junction ; but in December last after a maximum gauge 
reading of the Sobat nearly a metre below that of 1903, this delay is 
not noticeable, the amount so held up being much less. * North of 
Taufikia the rainfall decreases very rapidly from about 800 mm. to 
217 mm. at Dueim and 98 mm. at Khartoum, so it is not remarkable 
that the Dueim gauge is not affected by the local rainfall; but soon 
after the rise has commenced, this year 48 days after, the rapidly 
rising flood of the Blue Nile raises the White Nile water level and 
affects the Dueim gauge so that this gauge no longer represents the 
variations of rainfall at any place up-stream of it. 

As has already been explained there are no rainfall measurements yet 
available from the central part of the Abyssinian tableland which 
includes the ba^in of the Abai or Blue Nile, and those of Addis Abbaba 
cannot be taken as truly representative of the rainfall which feeds this 
river; we liave then only the river gauges to go by, but from the steep 
slope of the Blue Nile in its upper reaches, variations in the rainfall 
and consequently in the run-off, are quickly visible on the Roseires 
gauge. This and the gauges below it are shown for 1904 on Plate IV 
and the difference between the Koseires curve and that of Nasser on 
Plate II is verv strikin**;. Nasser is not a iJ^reat deal further from the 
Abyssinian plateau than Roseires, though the slope is probably less, but 
the ^reat contrast is due mainlv to the different character of the rainfall 

CD »' 

in the central and southern parts of the tableland. Actual proof of this 
is not yet available but the few observations by Cecchi, Michel, Austin 
and others seem to show that the rainfall in Kaffa, when it has once 
set in, is of a steady regular type, as distinguished from the bursts of 
heavy rain with intervening lighter periods which characterize preci- 
pitation in the central portion of the country. The main tributary of 
the Abai, the Didessa, however rises very near the Baro river, or upper 
waters of the Soljat, in the Seshia mountains, so that we may expect 
that this river when more fully known will prove to have a regimen 
like that of tiie Sobat, that is, an early and steady rise, a maximum in 
the autumn, and a rapid fall. Michel's account rather bears out this as 
he records its low stiige in 18J)5) in April and its maximum in September.^ 
The other main southern tributaries probably are of a similar type, 
at any rate to some extent, and I would suggest that the sudden rises 
which projec^t above the mean position of the Roseires curve are due 

* ThiH result dcw*K not bear out the view expressed by Sir W. VVillcockr*, in " The Nile in 19()4," 
London, 11H>4, p. T)?. 

t " VerB Fachoda." raris IIKK), p. 558. 
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rather to the northern tributarieft from the provinces of Gojam and 
Arahara. Similar irregularities on the Khashm el Girba gauge curve 
on the Athara, which drains an area rather further north, would seem 
to lend countenance to this view. 

The beginning of the annual rise at Roseires took place on May 2, 
about a week later than in 1903, this being probably due to the Didessa 
and the southern tributaries. A pause in June corresponded with that 
of June 1903 and this early rise followed by a fall probably represents 
the rise on the early part of the curve of the gauge readings in most 
years. It would seem to be due to an early burst of rains which is 
followed bv two or three weeks of finer weather, and the inhabitants 
of the Beni Shangul district speak of such a phenomenon as usual, 
but the meteorological cause of it has yet to be traced. Heavy rainfall 
seems to have occurred at the end of May on the western slopes of 
the tableland north of the Blue Nile, which brought down the Binder 
in flood and raised the Sennar gauge during the first half of June. 
Throughout July the rise of the river was well maintained, and the 
rainfall was probably fair if not almost normal but with the beginning 
of August it must have almost completely failed in central Abyssinia 
shice the gauge at Roseires fell 3 metres in 17 days; as already pointed 
out on page 15, this must have teen equivalent to a loss of at least 14 
per cent of the flood supply and the year's flood proved to be only 0*75 
of a mean flood. A few brief rises took place after this but the mean 
level improved but little until the middle of September when the rainy 
season ended and the river fell rapidly. A moderate early rainfall and 
a very marked failure of the August rains gave no opportunity for the 
Abyssinian springs to be filled, or for the soil to become thoroughly 
saturated, so that the tributary rivers rapidly ran down, as has already 
been seen in the case of the Sobat; and before November it was evident 
that the low stage of the Nile uiust in couseijuence be a considerably 
lower one than the average. 

The gauge readings in 1904 at Wadi Haifa bear this out when com- 
pared with the mean of the 15 vears LS90-1904. 





Date. 


Difference fbom mean gauge 


(in nietren). 




January. 


February. 


March, 




1-5 


-o-.w 


-()-41) 


-0-53 




fi-lO 


-0-41) 


-0-55 


-()-5o 




11 -1') 


-0-47 


-()-5r) 


-0-48 




16-20 


-0-4<i 


-0-03 


-0-47 




21 -2o 


-0-4() 


-()-r)2 


-0-4t) 




26-31 


-()-4« 


-0-;5() 


-()'51 
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For the northern part of Ahyssinia which supplies the Athara 
and the Gash, the meteorological stations of the Italian colony of 
Erithroea furnish valuable information concerning the rainfall which 
flows to the latter river, but Addi Ugri is the only station for Tvhich 
a series extending over several years is available. For the Atbara the 
gauge recently erected at Khashm el Girba (just south of lat. 15° N. 
and 11 kilometres upstream of Fasher) represents the run-oflE of the 
Takazze basin. 

This shows the usual rapid rise in June and July and the sudden 
fall about August 7, rather later than at Roseires but as clearly marked, 
and here also the readings show no general rise after this date before 
the middle of September when the end of the rainy season was 
reached; the failure of the rains therefore extended to northern 
Abyssinia. 

After the drop in early August it is instructive to note that lx)th 
the Roseires and the Khashm el Girba gauge curves show four marked 
rises at nearly the same dates which are evidently due to the rainfall 
increasing all over this part of the tableland about the same time and 
then being followed by finer weather. 

The decrease of the rainfall in passing from the Abyssinian tableland 
about 1000 millimetres to Rosires 700 mm., Gallabat 900 mm., 
Gcdaref (500 mm., Kassala and Wad Medani 300 mm., is so rapid that 
data furnished by the few years for which observations exist cannot 
show if this year's rainfall was above or below the average, and the 
same applies to all stations of the Sudan plains. A very much larger 
collection of data is necessary before the rainfall of the plains can be 
discussed, and even records of the number of rainy days in each month 
at as many points as possible would be of the greatest possible service 
in following the distribution of rain, and seeking the factors which 
control such distribution. 

By the aid of a series of widely scattered observing stations and 
the various river gauges, it has been possible to present a fairly con- 
nected account of the rainfall which fed the Nile in 1904, and to show 
how quickly the gauge readings respond to variations in the rainfall 
which may in a few days markedly modify the flood. 

The Dueim gauge alone, though most interesting from a hydrological 
point of view, does not represent the rainfall. 

Since the amount of the holding up of the White Nile waters by 
the Blue Nile flood has been resilized, the Dueim gauge has been 
considered as only recordinji^ the slow fillinji^ of the White Nile vallev 
but when this gauge and tliat of Khiirtouin are (X)nsidered together 
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they furnish an instructive picture of the interaction of the Blue and 
While Niles at their junction as shown in the following description. • 

" The behaviour of the two main streams of the Nile may be studieil 
by comparing the gauge readings taken at Khartoum 4 * o kilometres 
upstream of the confluence, and at Dueim 201 kilometres up the 
White Nile. 

From calculations based on the method explained in A|>pen<lix IV, 
of the " Report on the Basin of the Upper Nile," the slope of the White 
Nile at Dueim was found to be y o J^^ „ ^ in flood and 5 ^ o « "^ the low 
stage, which gives a rise from Khartoum to Dueim of 2 metres in flood 
and 4 metres at the low stage; conseciuently, if these sloj)es are a)rrei^t, 
the average range of the Khartoum gauge should be 2 metres more 
than that at Dueim. 

The following table gives the observed ranges in 1902-1904. 





Dueim 


Khaktoum 


Difference 
of 




Max. 


Min. 


Range. 


Ma.x. 


Mill. 


Kauge. 


XkrV'^S • • • > • • 


3*75 


0-49 


2-2(5 


5-50 


-0'12 


5 -02 


2'lVi 


X •'^ M*) • • • . • • 


4-50 


0-31 


4-11) 


6-28 


-0-28 


G'afi 


2 '37 


l*/*i4 • • • • • • 


3-60 


0-15 


3-45 


5C4 


0-0 


5MU 


2- lit 


Mean 


• • • 


• • . 


3-G3 


• ■ • 


• • • 


5-<t4 


2-31 



This gives an excess of 2*31 metres in the range at Khartoum 
over that at Dueim; but while the curve of readings at the latter station 
is relatively smooth, that at the former is subject to sudden fluctuations. 
The absolute range is therefore not the best measure of the meim 
conditions prevailing, which would \ye obtained better from seven or 
ten-day means at full flood and lowest stage. If this is done for both 
gauges the excess of range at the mouth of the Blue Nile over that at 
Dueim is reduced to 2 ' 2 metres, which checks the slopes as nearly as 
can be expected from such data. 

The curves of the Dueim and Khartoum gauge readings have l)een 
plotted in the diagram below with a difference of 1 • 7 metres betwet^u 



• By Mr. J. I. Craig. 
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the zeros for these two gauges.* Accordingly when the mean slope 
is tooVdtf ^he curves intersect, when it is flatter, Dueim readings lie 
below the others, and when steeper, Dueim readings lie above Khartoum 
readings as plotted in the diagram. 



COMPARISON OF KHARTOUM A DUEIM QUAQES 

IG04. 



Ju. Fib. Mar. April May June Jul/ Aug. Bft Oct. Mor, Dee. 




We are now in a position to compare the action of the two branches. 

During the low stage the White Nile dominates the other as is shown 
by the production of several small "waves" at Khartoum after their 
passage pjist Dueim. In May the Bhie Nile begins to rise, which it 
does at first in a very irregular manner, so that the curve for Khartoum 
presents a series of waves at this period, but a comparison of the curves 
shows that these weaves have not the slightest influence on the Dueim 
gauge reading until the mean slope has fallen to about T"<)o\)in)) after 
which they are reproduced at Dueim, frequently with remarkable 
fidelity, but from two or three days later. That the Blue Nile has no 
effect on the gauge reiidings at Dueim until it has risen 2 metres more 
than the White Nile at Dueim receives additional sup|X)rt from the 
remarkable shape of the curves in June- July 1904. It will be seen 
that the White Nile hardly rose at all till the 8th of June although the 
Blue Nile was rising extremely rapidly ; about that date the slope 
reached the critical value and at once the White Nile began to share 



• The coraparison of 150 elinultaneoug readings during tho low stage in each year from 
1902-1904 shows that the mean reading at Dueim corret^ponding to zero at Khartoum is 0*3 m. 
The difference in the level of the respective Mirfaces is then 4 m. The difference between the 
levels of the two zeros is accordingly 3*7 m. By plotting the curves with a difference of l»7m. 
in their zeros, the critical slope is thus indicated by the intersection of the two lines. 
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in the rise. Much the same phenomenon occurred in 1903 when the 
critical slope was attained on August 3, the gauges rising by almost 
exactly the same amount day by day for over a month; at this point a 
lag of one day at Dueim is found. 

When the river begins to fall at Khartoum the effect is not felt to 
the same extent at Dueim, for by that time the upper White Nile is 
approaching its maximum and the flow of water past Dueim is 
maintained by the increased supply and the reduction of the level of 
the water stored in the valley above Dueim. 

The remarkable rise and sudden drop at Dueim between August 5 and 
August 14 1904, seems undoubtedly to be due to the effect of the wind. 
At Dueim between these dates strong or fresh winds were registered 
daily while at Khartoum very light winds or calm prevailed. Further, 
on the 7th and 8th the wind direction was slightly upstream, which is 
quite unusual at this season." 

The rains then of 1904 were generally below the average though in 
Abyssinia there was an improvement in July followed however by a 
large deficiency in August which seriously affected the volume of the 
Nile flood. There was no subsequent improvement and the low stage 
of the river is lower than usual in consequence. The equatorial lakes 
have maintained their high mean level rather, it would appear, from the 
meteorological conditions in July and August havin<i^ been less favour- 
able than usual to evaporation; rainfall which was somewhat deficient 
in the earlier part of the year, was above the average in the autumn. 
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INTRODUCTION. 



In 1905 the collection of data concerning tlie rainfall within the 
Nile Basin was extended more widely, and a nnmber of new rain-gauge 
stations were established. Besides this, a number of posts throughout 
the Sudan, at which no measurements of the rainfall are made, fur- 
nished fortnightly returns sliowingthe days on which light, moderate, 
or heavy rain fell. Though these returns do not lead as yet to any 
definite conclusions, it is hoped that they will gradually furnish 
material by means of which the distribution of rainfall on the Sudan 
plains may be studied. 

The following tiible gives the number of stations at which obser- 
vations have been made in 1904 and 1905 though at some of them 
they w^ere only commenced in the summer of 1905. 

TABLE I. 



Egypt 

Sudan plains and Blue Nile 

Sobat, Bahr el Jebel and Bahr el Ghazal 

Eritrea and Abyssinia 

j-^aKe piareavi >•• >> ••■ •«. .«. •«. 
British East Africa ^^^ 



Numbei" 


of 


stations 


1904 




1905 


16 




16 


... 10 




21 


. . . O 




10 


4 




7 


. . . O 




10 
14 



Besides these stations where the rainfall was regularly measured, 
rainy days were recorded at 44 stations distributed through 10 dis- 
tricts (see p. 26 ) 



(1) Not used in 1904 as not within the Nile basin, but important for showing the variation 
of the rainfall in different areaa 



TABLE II. 





DISTRICT 




N°. of 
stations 


Dongola ... . 






1 


Berber 


, , , , , • , . , 




4 


Suakin 






6 


White Nile 






3 


Balir el Gliazal 


■•« ••• ••• 




8 


Blue Nile ... . 






() 


Seiuiar 









Khartoum ... 






mm 


Kordofan ... 






H 


K as sal a 






1 






Total 


H 



Tlie poaition of stations is .shown on Plate f. 



The Egyptian and Sudan stations at which the rainfall is 
measured only number 31, the remainder bein*r situated in the 
nei<>hbourino- territories of Eritrea, Uganda, British East Africa 
German East Africa and British Central Africa, from all of which 
information has l)een most generously supplied. 

. Captain Tancredi of Addi Ugri has sent much meteorological 
information from Eritrea and the Captain of the Port has done the 
same from Massaua. The Director of the Scientific Department of 
Uganda and the Director of the Agricultural Dej)artment of British 
East Africa have contributed rainfall and other data both in the from 
of monthly returns and of teleo^rams in the earlv sunmier when the 
development of the rains in the southern Sudan was much delayed. 
Fi'om Dares salam in German East Africa the weekly rainfall totals 
published in the Deutsch-C^stafrikanische Zeitung have been sent and 
have been of much interest, thouirh the inland stations are more 
imj)ortant for the purpose of judging the noi'thward movement of the 
rains, but naturally in view of the great distances to be traversed, 
it is impossible as yet to get information from such stations in time to 
utilize it. This was the first year that an attempt has been made to 
collect information from a wide area and to deduce fnnn it the pro- 
bable development ol the East African Monsun in its northern 



extension, and much study is still necessary before it can be said 
precisely what intonnation is more useful and what weij^ht should be 
ofiyen to such evidence as excess or deficiency of rain in different 
areas. The same is true of other meteorological factors which haye 
been less observed, and the effect of which is consequently less 
known. Dr. G. Walker F. R. S., the Meteorological Reporter to the 
Goyernment of India, telegra])hed weekly the deviations of the mean 
barometric reading from the normal for Mauritius, Seychelles, 
Zanzibar and Aden, which Avere of the greatest service for comparison 
with the pressure deviations of tlgypt and the Sudan. That the 
experience gained in 1905 should lead to a reliable basis for fore- 
castiujs: the Abyssinian I'ainfall, would be too san<>:uine a view to 
adopt, but a carefVd study of the meteorological conditions which 
have prevailed for the past 15 years over Africa to the north of lat. 
10"S./^^ supjdemented l)y the yearly increasing data, both meteoro- 
logical and hydrogra])hical, may fairly be expected to throw light on 
this most interesting and important prol)lem. 

It may be said that on the whole the rainfall was everywhere 
deficient; the volume of the Nile flood ^-Nvas only 0. 65 of an averaoe 
flood thus addiuir another a ear to the Ion"* series of low floods which 
has now continued for 10 years, only two of these having slightly 
exceeded the avernfre, while the other ei"iit have been much below it. 



TABLE in. 



YKAU 


Ratio to an avenige''" 
flood. 

1 


YKAU 


Ratio to an avera<ie'-^' 

! flood. 

1 


1891 


1.01 


1899 


0.(53 


1892 


1.20 


1900 


0.89 


1893 


0.99 


1901 


0.87 


1894 


122 


1902 


0.(53 


189,5 


1.15 


1903 


0.89 


189(5 


1.0() 


1904 


0.7.) 


1897 


0.H9 


190o 


0.(55 


1898 


1.07 







(1) This has already been commenced. 

(2) Considered as the volume passing Aswan between July 1 and October 31, 
(8) Average of 34 years 1869-1 903. 
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The rainfall of 1905 will be treated under three heads; firstly, 
the amounts of rain wliicli were measured at different sfaitions, and 
the number of rainy days at otliers where no measurements were made, 
secondly, the effect of the niinfall as shown bv the lake and river 
levels, and thirdly, the general meteorological conditions >vhich existed 
over the Nile Basin and part of the surrounding region, together with 
the estimates of the probable character of the Abyssinian rains which 
were based on them. 

In order to understand pro[)erly tlie seasonal variation of the 
rainfall, the relative positions of the equatorial low jiressure belt and 
the high j)ressure areas to the north and south of it in the diflerent 
months must be borne in mind. In this central area of low pressure 
there is an ascensional movement of the air. As this air flows u[)wards 
and outwards, its [dace is taken by air which flows in from the high 
pressure areas to the north and south, as the north-easterly and south- 
easterlv trade winds. This ascensional movement is most marked where 
the heating effect of the sun is greatest, which will be where the sun 
is in the zenith at noon. 

In January the thermal equator is far to the south of the geogra- 
j)hical one and the sun is in the zenith at noon betAveen 22".58'S. 
and 17'M4'S., while the line of low pressure lies ratlier further to the 
north ^^\ The heaviest rainfall is now in the neighbourhood of lake 
Nyassa, and lighter rain falls as far as lake Victoria, while it may 
become heavy whenever the south-east ti'ade winds strike high hills, 
and the air is forced to rise. Over all I'^gypt and the Sudan thismcmth 
is rainless, except in the northern Delta Avhere the cyclonic storms 
of the Mediterranean fui*nish a moderate rainfall, and along the west 
shore of the Red Sea where there are also winter rains, but these last 
are not witliin the Nile Basin. 

In Februarv the sun is overhead at noon between lat. 16^.57'S. 
and 7^46'S., while the low pressure belt has moved northwards; the 
heaviest rainfall is in the nei«[hbourhood of the north of lake Nyassa 
and the south of lake Tanganika. 

In March the noondav sun is vertical between 7 '.23'S. and 4'\21'N. 
and heavy rainfall occurs west of lake Vict<:)ria while there is a 
marked increase all over the lake basin and in northern Uganda, and 
first showers fall in southern Abvssinia. 



(I) Compare Herbertson. "The distribution of rainfall over the land''. Royal Geog. Soc, 
London, 1901. Also Plates 11. a, b, and c. 
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In April the sun is between lat.4'\44'N. and hit.lO°56'N, while 
the low pressure area lies over the southern Sudan. Rainfall is heavy 

over the lake plateau, while the first rains begin on the Bahr el eJebel, 
the Sobat and southern Abyssinia. 

In May the zenithal midday sun lies between lat. 15*M4'N. and 
lat. 22°. O'X.; the Ioav pressure has moved further north, and rainfall 
is heavy on the lake plateau, the southern Sudan, and southern 
Abvssinia, while it is befrinnin^x in northern Abvssinia. 

In June the sun reaches its oreate^t declination north and be- 
gins to return southwards; the low pressure area includes all the 
Sudan plains where the rain is heavy, while on the lake plateau it 
has materially diminished. On the Abvssinian tableland it is increa- 
sing rapidly being already very heavy in Kaffa and Wallega, south 
of the Abai river. 

In July the sun is in the zenith at noon at 23". o'X. in the begin- 
ning and at 18". lO'N. at the end of the month. Low pressure lies 
over the Sudan and the minimum is situated near Suakin-Berber- 
Khartoum; rainfall has diminished greatly on the lake plateau Avhere 
the dry season with its raj)id evaporation has set in; on the Bahr el 
Jebel the rains have moderated somewhat, but on the Abyssinian 
tal)leland and in the northern Sudan they are heavy. 

August is very like July though the sun's north declination has 
considerably decreased and bv the end of the month it is in the 
zenith at noon in lat. 8*'. 2i)'N. The equatorial rain-l)elt has also 
moved sotith wards, l)tit over the whole Sudan and the Abvssinian 
tableland the rains are normally at their maximum. 

In September the conditions change rapidly as the sun is zeni- 
thal at noon between H'\ 7'N. and 3'\S.; atmospheric pressure rises 
rapidly over the Sudan and Abyssinia and the rains decrease, so that 
l)y the middle of the month the rainy season is considered to be at 
an end, except on the southern part of the Abyssinian tableland, on 
the upper reaches of the Bahr el Jebel, and the northern extension 
of the lake plateau where it is still heavy. Near the lakes the rain- 
fall increases again as the rain-belt returns southward. 

By October dry hot weather has set in over most of the Sudan 
though rain still falls on the Bahr el Jebel and heavily in its south- 
ern part. The sun has passed the e([uator and is zenithal between 
?}\ 23'S. and 14". IT'S. Rain increases over all the lake plateau and is 
heaviest on the hills of northern Uganda and round the All)ert lake. 
Bv November when the sun is in the zenith at noon between 
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14^36'S. and 2P.45'S rainfall is heaviest over the whole lake plateau 
forming the autumn niiny season of this part; from the high altitude 
of the rountrj' in the north of I'ganda as far as lat. 3*.N. rain is still 
falling lieavily there though it luis pmttic-ally ceased in the southern 
plateau of Abyssinia, while on the Sudan plains no i-ain now falls. 

In December the <'onditions are almost the same as those uf 
January, except that the rainfall on the lake plateau is heavier ; th^ 
sun is at its extreme southern limit and the whole of the basin north 
of lat. I'.X. is practically rainless. The heaviest rainfall has moved 
south to the Tanganika - Xyassa area and Tabora, loO kilometres 
south of lake Victoria, is now receivin«j its heaviest rain. (.)u the 
western shores of the Red sea the winter rains have reconnnenced, 
and also on the Mediterranean shores of the Delta. 

Tliis oscillation of the rain-belt is clearlv shown in Plates II a,l> 
and (sand also in Table IV where the mean monthly rainfall is given 
for about 57 places in the Nile Basin and for about 22 more which 
are situated near it. Formanv of these the observations extend over 
two or three years only and consequently are of little weight in fur- 
nishing mean values, but they, as well as the more reliable values, 
illustrate the advance of the rains northward in the earlv summer 
and their return in the autumn across the aquator 

On the basis of this tnble maps of the mean monthly distribution 
of rainfall have been constructed. (Plates II a,b,o.)They only roughly 
indicate to the true distribution since the proportion of stations to 
the area represented is so small, but the regular march of tropical 
Tciins, and the absence of high mountain ranges in the region under 
consideration enable a closer approximation to be made than would 
be otherwise possible with so s<'anty a collection of data. 

In the south-west there is much uncertaintv in drawinor the 
lines of equal rainfall on account of the almost complete want of 
rainfall data. 

Though a large area of the Nile Basin is shown on Plate II. as 
having a fairly copious rainfall of 100 mm. a month and upwards for 
from three to four months of the year, the fact should not be lost sight 
of that the whole run-off of the lake plateau and the catchment basins 
of the Hahr el Jel)el, the Bahr el Gliazal and the Bahr el Zaraf is 
represented l)y from ;^>oO to 4r>0 ctibic metres pei- second of water 
innnediately u])-streani of the niotith of the Sobat river. The im- 
mense loss of water by evaporation in lake Chogaand in the marshes 
of tlie Bahr el Jebel and the Bahr el Ghazal has been alreadv demon- 



~ 11 ~ 

strated(^), so that a brief mention of it only is necessary here. If 400 
cubic metres per second be taken as the mean volume discharged 
throughout the year immediately up-stream of the junction of the 
Sobat Avith the White Nile, then as the whole catchment area up- 
stream of this point amounts to about 1, lll,400squarekilometres^2) 
this vohnne of water is equivalent to 11.4 mm. over this area in 
the year. From Plate II. it may be found that the mean rainfall on 
the whole area of these basins is about 1200 mm. per annum so 
tliat the available run-oft has dwindled to 0. 95 7o at this point. It will 
be clear from this how unimportant is the rainfall of the equatorial lake 
plateau as aftectini** the Nile supply. Variations in the year s rainfall 
anion n tin tj; to even 75 per cent, of the mean value cause no varia- 
tion ill the insionificnnt fraction which finally reaches latitude 9*'. 
30'N. The 400 cubic metres per second which flows past this point 
has still 3G50 kilometres to flow before reaching Cairo, and if the 
mean width is taken at 500 metres and evaporation at only 10 mm. 
l)er diem, there is a daily loss from this surface equivalent to 20 cubic 
metres per second. Historical accounts of the Nile being fordable 
at many places in Kgypt in years of exceptionally low supply do 
not therefore require more than an early fall of the Blue Nile and 
Sobat. 



(1) Sir W. GaiPtin. A Keport on the Uamii of the Upper Nile, Cairo 1904. 
{2) LyonB. Geog. Jour. London, August 1905, 
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S 


■ ■ 


t 

• 




3 3 


1 

*-> 


• 


• 

C 


o ce 










• -=< 


. (^ 


4 -> -^ 


CO 


O 

1 

1 


;<5 


1 
1 


Blue Xile. 


1 
1 
1 

1 

1 

! 




1 
1 

1 

1 






r 


1 










1 

I 




AdJis Abbaba... 


(;,H> 


•^ 


;57 ^<7 


71) 


S() 


ir>() 290 


271 


171 


13 


11 


4 


1218 


Koseiivs 


a 











.")! 


llfiSSS, 189 


14S 


27 


11 





/ <;) 


Abu Naaina,etc.: 


1 




' 


_ 








136 


()0 


41 







236 


Siiii^a ' 


1 ! 













j(! 


80 


S 


3 




— 


147" 


Seiinar 


1 












121 


132 


3S 


H) 


8 





31;) 


Managil 


1 










21 


34 


97 


39 


5 







[201] 


WMdMedaiii ... 


4 





0; 





2(1 


49 126 


132 


81 


2 


3' 





419 


Mesellemia 


1 






-,«» 






62 


70 


42 











174 


Hnlaa > 


1 




1 






— 60 1 13 


(J4 











23V 


Kamliii 


1 




' 






25 


40 


46 





2 





[118] 


Abu Deleig- ... 


1 




1 






: 46 


96 


47 


IS 


1 





208 


R. Afham^^^ . 






























1 
Adua 


1 




1 






51 


236 


289 


209 


<;r> 






850" 


Intetshau 


1 






37 


GS 74 


802 


177 


12() 











[784J 


^'ondar i 


H 











«7' 122 


290 


372 


103 


46 


14 


1014 


^Jalkbat 


•i i"-. 





01 


1 


4() ir)() 


191 


247 


143 


o2 


<) 





S3<» 


^iedaref 


2 ^^ 





<; 





37 S() 


177 


161 


107 


10 


IT) 





599 


KliHsbmfdGirl)fl 


;{ 




1 




IS 102 


106 


:)9 


20 






[304 J 


AVjor Gash^^^ . 




























^'heuafeua ...' 


a 




1 
1 


<; 


41) 37 


111 


146 


37 


8 





1 

oi[390] 


Keren 


r»i% 





;5i 2 


It 


2')! 107 


107 


300 


•(9 


2 


7 


041 


Asmara 


1t^ 


V 


a 


1<> 


IH 


3(i; (]2 


117 


114 


IX 


56 






442" 


Addi IVi ... 


sv. 





(; 


13 


1'2 


42 (Jd 


\hl 


179 


37 


10 


9 


5 


54(1 


Halai 1 


1 










1)3 If) 114 


164 


4 


2 


(i 





358 


Kaspsla 1 


8 




■ 








2 


7 


24 


69 


108 


68 


17 


1 





29(1 



(1) Lower course of Takazze and Settit rivers. 

(2) Lower course of River Mareb. 
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RED SEA COAST 



STATEOX. 



Aden 

Massaua 

riinda 

Suakin 
Suez 


















5 



^ 

3 
^ 



be 



0/ 



O 





5 


27 


G 


2 


1 


3 


S> 





1 




[3] 


22 


i) 


12 


52 











8 




[ ^] 




43 


.')3 


3« 






17 


(w 




K! 


2() 


10 


(> 


1 


1 





3 







U»i1f 


7 


3 


2 


2 


1 












3 











3i) 







> 

o 



0/ 



3 4 ! 511 

2 24 141 

13 28 2:»i' 

91 50 '2-l(' 

\ 4 ' i>'» 
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THE BAIXFALL OF 1905. 



South of the eqiuitorial belt there is, iis has been shown, a single 
rainy season correspondinj^ to the months of December, Janmiry and 
February, while moving northwards two rainy seasons are found 
approximately coinciding with the equinoxes, beyond which again is 
a single rainy season in July and August. In British Central Africa 
the first condition is well represented, and at Zomba (lat. 15°. 22'. 33" 
S.) the rainfall has been measured for II years. This single rainy 
season occurs also in the southern part of German East Africa as far 
north as Tabora ( lat. 5^ 1' S. ) beyond which the equatorial region 
of two rainy seasons and two dry seasons commences and extends 
to about the latitude of Wadelai ( lat. 2° 45' N. ) 

At this station there is a long miny season but a distinct 
moderating of the rains in June and July maybe recognized cor-, 
responding to the dry season of stations a little further south. To the 
north of this there is a single rainy season as far north as Khartoum 
and the northern frontier of Eritrea, while a few rainstorms travel 
even further north in the summer months, and may reach Dongola. 
From the foregoing account of the rains of the Nile Basin for any year 
it is necessary to conunence at the southernmost position of the rain- 
belt, and thence trace the advance of the rains northward in the 
second half of the year. Although some 7o stations (Tables Vand Xl) 
have been utilized, at the majority of them observations have been 
made for a few years; at 22 stations only are five or more years of 
observations available, so that it is not surprising abrupt differences 
occur between stations in regions where vast areas are unrepresented 
by any measurements of rainfall. In the upper basins of the Blue 
Nile and Atbara which supply the Nile flood there is not yet a single 
place at the which the rainfall is measured, for Addis Abba ba, though 
near the watershed, lies in the basin of the Hawash. 
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TABLE VI 

Monthly Rainfall in Millimetres in 1905. 

A. Stations near but not in the Nile Basin 



STATION. 


• 

a 


Feb. 


Mar. 


• 

< 






Oct. 


• 

> 

c 
5^. 


• 




• British Central 




t 


1 

1 


1 


I 


i 

1 






1 

1 

f 
1 

1 


Africa 








1 


1 






r 

1 

i 






Zomba 


211 


1 — 


12(> 3 





, 9 2 


2' 2 


28 237 


834 1 [947] 

1 


German Eai<t 






\ 












1 
1 


^ \frica 




1 




1 






1 




* 


Dar es Salam... 

Morogoro Tal 

Kilossa 

Mpapna 

Tabora 

Udjidji 


2S> 

77 

I) 

118 


, 2<i 
42 
2.") 

i 107 


Klf) 603 

1«8 286 

07 318 

178 101 


1 2H 
10 


(IS hi) :^2 29 

10 13 24, 20 

_ 1 _ , _ 




10 22 
'i:^ 38 

118 


23(5 1355 

/.)/> 

" 414,' 
142 774 


188 


42 
177 


165 181 
177 VM) 

1 
\ 


' 



— , ' 3 


4 


140 


182 
100 


•»0i 


British East 














1 
1 










A frica 












1 














Zanzibar 


(30 


2 


125 775 

1 


1 25!) 


-t« 104 


()() 


7(1 


145 


71 


141 


1872 


Mombasa ... ' 


5 


4 


14i> 379 

i 

1 


:53l 

1 


«1, 20 


101 






— 


[i07/;j 

1 


1 
Takanng-n 








iu 366 


■ 274 


, '^^ 170 

1 










'[ 953; 


iWalindi 


(i 





SO ?.m 


351 

1 


in;j lo-i 

1 










.[ 9X1^1 


Golbanti 


12 





122 :>:> 


i 111 

1 


1 
1 










— 


[ -'"o; 


Kismaj'n 





y 


')(; 10 


121 

1 
1 


2!» 114 












[ 33!tj 


F 

Sbimoni ' 

1 




1 





'Mu) 689 


470 


'>7 138 


l.U — 








188;5] 


1 
Macbakos 


20 





334 154 


77 


14 2 

1 


3 8 


(59 


253 


153 


1087 


1 

Nairobi ! 

1 


•M\ 





261 202 


11)0 


, 3^, 22 


51 30 


<!3 


133 


102 


1152 


Kikuvn 

•> 


15 





422 357 

t 


2M1) 


3S 


27' — 




— 


— 


[1248] 


1 
Naivaslia 


fu 





154' 165 


VM 


10 


21t 44 


(;4 41 

1 




— 


; (591 J 


Naknro 


-n; 





213 4<.l 


141) 




31 110 


m !)(> 




— 


[ 'i'4] 


5I()]o 


1«(! 


3 

1 


27:5 33: 


2i)7 


7 


II' 2!)0 


"i-n 


24:) 






[I8(;y] 


Eldama Kavino ; 




4 


166 8!) 

1 


90 


2-1 


35 — 








— 


; 4(57; 
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B. STATIONS WITHIN THE NILE BASIN 



P 






a 



< 






53 






<1 






o 

O 



Lake Plateau 



Gevnum Hxist 
Africa. 

Muaiiza 

Shi rati 

Bxikoba 

British Kant 
x\fri('a, 

Liiiubwa... 

Mohoroni 

Xuiuli 

Kisuiuu 



• • • • • 



• • • • • • 



247 



257 



12i> 



Mumias ! 101) 

Kericlio 1()() 



• • • • • • 



62 



55 1 



Uganda 

Jinja 

Entebbe 

Lumbuyu Hill | — 

Masaka | ^4' 

Mbarara ! 1^^^^ 



o 

J25 



a; 



u 



.)« Ill 

57 1() 
104 '.»(> 



187 



114 12 



')(? 



142 1>< 
147 S306 











71. 69 



;{«. 13, 13 



41 386 31« 24 IH 100 



30 



S26 1)<S) 1G7 32 



115; 99 94 



9! 282 848 239 

! ■ ' ' 

43 424; 290 349' 

73' 284 100 51 

I , ' . 
OS 12« 154 232 

3S 367' 235 208 



13 103, 6O! 172 



57| 244| 181 
42 64 56 

r 

I 
89 127 247 

(51 168 212 



25 
157 



107 

186 



192 



169 
364 



18 i)J5 1<»0 104j 12: 87' 

i 
I 

181289 ^'^^ 209' 169' 144; 



69 



44 



143, 93' 255' 2^08 332i 117| 135: — 



222 

58: 43 

84 196 

193 212 



77 



108 



137 



165 



,S, las; 176; l(57i 23 32 58 

I ■ 

114 483 137, 44, 0' 115 



Butiaba ■■ 7, 12 131 



11811791 22 .S4, 165 



146 127 

29 98 



218 
206 



346 



975 



975 



1951 



163 
246 
151 



231 
184 



184 



132 



299 280i 373 
117 170 182 



Fort Portal 43 

(Toru) ... [ 



93 210 '-^i 



"n'conls Kiiu-o Mav incorreot' 



266 



147 



360 

226 
240 



[1154] 

[1659] 

[2067] 

1363 

1893 

2235 



76 



187 



139 
177 
413 

76 

98 



1071 
1670 

[1283] 

[ 596] 

1121 

2427 

1263 

[ 925] 



20 — 





• 

OS 

t-5 


Si 


i 


• 

u 

< 


5" 


1 

•-5 >-t ^ CO 

1 


• 


• 


d z: 


BiJir El Jebel. 


























Wadelai 

Nimiile 

Gondokoro 
Mongalla 

Bor 

Gbaba Shambe 


2a 



1 

5 



7 



49 

42 

H 

2 




55 

5(5 

45 

143 

12 


137 

14« 
(54 
17 
53 


30 
3(5 
94 
91 

54 


1 1 

76' 132 98 158 
81 : 149' 108 194 

104 238' 1551 147 
38 158 175, 139 
X3 148 148 92 

120 S8'282 (58 

! 
1 


97 
183 

62 
119 

(59 

20 


s:>.s 

l)i)H 

4 IMl 

32 [iur 

2 04y 


Bahr El GhazaL 














1 

1 

1 










Wau 








little 


25 


84 


174 


.'•J 


266 


146 


00 


99 


U4'^ 


nicer Sobat, 




























Ganibela 

Nasser 

DoleibHilla ... 


2 









4 


22 
"2 


44 

92 


1 

162 82 

82i 109 


2(55 
152 
131 


852 

120 
158 


■ 74 
67 

48 


141 
69 






(570 
(5!t(l 


White Nile. 




























Kodok 

JJlObeid 

El Dueiin 

Geteina 

Khartoum 


little 






little 













1 







2(5 
1 

() 


102' 75 
(.4i 162 
23 22 

1 

1 


77 

105 

45 

75 


182 

46 

48 

4 
4 


148 

12 



50 


17 














15(1 


Nile Below 
Khartoum, 












1 
1 
1 














Merowo 













1 

1 

1 


t 


114 





1 





[115] 
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Blue Nile. 

Addis Abbaba^l^ 

Roseires 

Abu Deleig ... 
Abu Naaniaetc. 

Singa 

Senuar 

Managil 

Wad Medaiii ... 
Mesellemia 
Rufaa ... ... 

Kamlin 



• • • • • • 



Atbara cj- Gash, 

Asmara <2^ 
Addi Ugii (.?>... 
Chenefena (:?)... 
Kaseala <2) 
(redarof <3) ... 
GaUabat^S) ... 

Khashm el 

Girba(3)... 



^^jyp^' 



( airo { Abbassia 
( iTiza . . . 

Helwan 

Port Said 
^iiez 



08 
•-5 



5 








•2 









16 

3 



24 

18 









S? 



9 

a 

3 









>*3 

(/J 



O 



7 




48 








3 

L") 







1 
1 

2 

1 







3 




S 




11 

3 
2 

22 




O; ()5; 171) 207 

40 







2() 
IS 








10 








54 



70 
31 
2 
41 
2S 











21 
99 



93 
5S 
44 
30 
112 
ll>8 
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5(1 
121 

34 
1(>2 

()2 

<;o 

25 



99 

224 

73 

93 

276 

133 

178 











1(>0 

96 

185 

80 
182 

97 
291 

70 
118 

45 











134 
47 
<>0 

8 
38 

39 

120 

42 

(>4 

46 



1 

(W 
18 
41 

i) 
1<) 

;> 

oi 







186 


72 




l£7 


12(5 





(54 


103 


2 


274 


85 


118 


81 


55 


2-2 













0, 

0; 

3 




o 



44 

24 

1 



()| 


Oi 

2. 



117 :>-, _ _ 
18(i, 5(5 31t 24 





42 

(5 





()' 

1 

0' 

Oi 
























[105] 
835 
'208' 
■23(5' 
■UT" 
"315" 
■201" 
'72(5" 
"174" 
"237" 
118" 



I 
I. 











[3(58] 

(55»y 

[356] 
378 
()47 
812 

[354] 



5 



2 
46 





33 
22 

D 

9() 
24 



(1) Strictly in the Uawash Basin but is not far from the wattislird. 
("2) Gash-Mare b Basiii. 
(3) Atbara- Takazze Basin. 
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The rainfall on the coast of tlie Delta was heavier than in 1904 
since the cyclonic depressions of the Mediterranean passed nearer to 
the African coast causing cold and rainy weather. Except for the 
barley crop which is grown on the ooast-belt west of Alexandria 
this winter rainfall is not of importance, though it is counted upon 
in the north-western delta to provide such water as is needed by 
cultivators during the short period wlien the canals are being 
cleaned . 



Delta Winter Bains 1904 in Millimetres. 



Month 


a 
a 

X 

< 


54 




Aboil 
Hommos 


< 
23 


• 

P 

s 
S 

ad 


• 1— 

t 

XI 

3 

■Si 

15 


P 

u 

JO. 


s 


1 


ac 

flO 
M 

s 


eJanuary 1904 


63 


41 


13 


20 


11 


16 


15 


24 


February „ 


12 


15 


20 


34 


34 


14 


17 


14 


14 


8 


12 


March „ 





1 


4 


5 


4 


4 


3 


3 


6 


2 





October ,, 


3 


25 


45 


7 


1 


4 


2 








1 





November ,, 


fio 


71 


43 


2i) 


39 


20 


13 


10 


18 


2 


22 


December ,, 


50 


61 


()8 


■45 


52 


36 


57 


30 


36 


J> 


46 



Delta Winter Bains 1905 in Millimetres. 



Month 


ee 

•c 

X 

y. 

5 


X 

47 




9) 

^ O 

-^ s 
11 


< 
22 


P 

s 
1 

8 


10 


r- 

8 


u 


1 

03 


1 
■g 

O 


Januarv 1905 


4() 


28 


5 


1 


6 


February 




10 


2H 


56 


22 


33 


1!) 


14 


16 


12 


2 


20 


March 




14 


15 


8 


10 


30 


24 


16 


16 


11 


7 


18 


( )ctober 




28 


15 


35 


30 


22 


18 


4 











6 


November 




7 


34 


26 


4 


4 


6 














10 


December 




159 


151 


150 


95 


71 


72 


67 


37 


28 


7 


45 



n 



Month 


< 




70 


Aboil 
Honinios 


«*i4 

< 

63 


S3 

J 

CO 

s 

o 

44 


.a 
Si 


,4 

X 

40 


ee 


1 




o 


Total Nov. - Mar. 


109 


95 


58 


38 


44 


28 


38 


1903-1904 
























Total Oct. -Mar. 


194 


247 


248 


124 


177 


111 


112 


80 


82 


22 


112 


1904-1905 

























On the western shore of tlie Red Sea the winter rains are o( 
importance though they do not reacli the Nile basin. In years of 
heavy rainfall in Abyssinia a little rain may fall at Suakin in July 
but usually the rainy season there is from October to February. At 
Massaua it is the same and as the tableland is approached the rains 
encroach on the summer months till at Ghinda both rainv seasons 
are experienced. 

Bed sea Coast Rainfall 1905 in Millimetres. 





• 


s> 

18 


u 
a 

3 


•s 

< 
149 




June 


1 July 


bo 

a 
< 


• 
(/) 

11 


o 

o 


> 

o 

{25 


• 


U 

ee 
a; 


Massaua . . . 




3 


53 


[238; 


Ginda 






U 


7(5 






17 












[107; 


Suakin 


17 


3 




















7 





122 





149 


Krkowit . . . 


















— 




227 


132 


[359; 































In tables VII and VIII 24 stations are given for which 
vears observations are available, in order to show to what extent 
the rainfall of 1905 Avas al)ove or below the average. This has been 
given in millimetres of rain in Table VII and as a percentage 
of the mean rainfall of the month in Table VIII. As in this latter 
case variations of a few millimetres would be shown as a large 
percentage variation in the months of the dry season, the figures 
relating to months hnving a mean rainfall of 50 millimetres or less 
are printed in italics. 
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TABLE Vn 

Dilforeiice of Ruiufall of lOO") from the Moan in Millimetres 



STATION (0 


• 

G 

—78 


Feb. 

Mar. 

1 


April 


May 
June 




Aug. 
Sept. 


Oct. 
Nov. 

Dec. 
Year 


Zomba 




<M 


9.S 


-19 


—12 


«i 


1 


— 7 


lo 


+106 +54 




Tabora 


+H2 


\)}\ 


+ :5 


+ ')4 2:')' -1 








— 7 


• ;V+ .53+3G ;+ 4«^ 


Zanzibar 


Il> 


I Of) 


9X 


+402, 31 14 

1 


+4H 


+24 


+32 


+41 


81 21 +249 


Mombasa 


—in 


— IS 


+ ^■2 


+214- 11 


10 


— 57 


+11 












Shimoni 


3,-) 


18 


+2()7 


+440 + 7.) 


54+21 


+89 












Takaungxi 


—10 


—14 


4- 13 

1 


+22o 


90 


1 1 +()H 














Maliiidi 


— 1 





+ ;■)() 


+ir)7 


+ 7 


+13+ 3 






— 






— 


Kismavu 


1 


+ '^ 


+ oO 


— 21 


— T) 


50 


+t).S 




— 








— 


Machakos ... ' 


'^0 


(>S 


+198 


37 


+ 11 


4 


— 4 


4 


+ 3 


+18 


+39 


+34 


+ll)l» 


Nairobi 


« 


-118 


+183 


+ 20 


+ 54 


25 


+ ^ 


+31 +14 +2() + 4 


+ 2 


+ih; 


Kikiiyu 


-24 


8y 


+2<53'+12;3 


-j.lOO 


—31 


2(5 


+ 8 


t 
1 

f 








Eldaraa Ravine 


+29 


50 


+ 7.'i 


2(1 


— 19 


(5(! 


38 






— 









Mnmias 


+27 


3{) 


1 


7(; 


+ 23 


-105 


—40 


+90 


91 


+44 


+91 


1 

+118'-i- 44 

1 


Kisnmu ... 


+4!) 


3H 


+110 


•r> 


(;3 -33 


+19 


+ (i—lO 40 


+18 +170+i;!0 


Ent('\)bo 


'}'} 


CH 


+ 5(1 8;3 


+ 37 


+40 


+72 


—22 


+24 +75 


+22 + 38 


+ii;i» 


Waclelai 


r> 


-11 


<;■> 


i> 


+ 13 


-57 


—23 


+15 


— 4 15 


—17 


+ 61 


-147 


noiidokoro ... 


:\ 


'/ 


:)2 


•M 


■ 22 


t; 


- 28 


+84iri;$+ 3+ s 


+ 20'-;i7 


Siiakin 


— I) 


— 7 


0- 1 


- 1 





- 3 — 5+ 7 


39 +31 


50 77 


Kodok 





- 2-11 


'?9 


-25 


27-135.+72'+7y+i4 


— (il 


Khartoum 








0, 


+ -^ 


9 Ifi +41 


— <>+40 


:-{-:>•> 

1 


Addis Abbaba 


4 


30 


39 

1 








—12 + 33 

1 • 


4| 

1 


Kosciros ^^> 





04-14 


+fi3 2(j' —29 


14 


+39 +13 


'+C.0 


Addi Tgri 





+ 4 


4 + 2.S 


H +G7 + 7 

1 


+19 


+29+15 


V 1 t"> 


Kassala 








1 

2 .') 

1 

1 


+ 6+24 +19 


+5K 


-17-1 


+S2 



^1) stations liaving at least 5 years observations except Roseires which has 3 only. 
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TABLE Vm 

Difference of Riunfall of litOo from the Mean as Perceutage 

of the Mean Rainfall. 



STATION(^> 


1 

i 


Feb. 


Mar. 


1 

< 

97 




•Tune 


July 




Sept. 
Oct. 


Nov. 


Dec. 


Year 


Zomba 


27 




4^ 


-100 


<sy,' 


75 


— 83 


—78 


35 


+ 81 


+ 19 - 


Tabont 


-f- 21 (jy 


+ -^ 


+ -tH 


100 


-100 








-100 


50 


+ 61 


+ 25 


+ 5 


Zanzibar 


21 


98 


- IS 


+ 10H 


11 


23 


+ 87 


-\-57 


+73 


+ 39 


53 


13 


+15 


Mombasa 


— 7,V— c"?..' 

1 
1 


+122 


+130 


— 3 


11 


(i9 


+ 12 





1 
1 

1 


— 




Sliirnoni 


100 100 

1 


+272 


+177 


+19 


4,3 


+ 1« 


+137 












Takaiingii 


100 —100 

1 


+ 24 


+173 


2.3 


11+ ()«■ 




■^■^ 






— 




Malindi 


U —100 +.?Jj'+103'+ 2 


+11 


+ 3 














Kisniavn 


100 —.wo 


+83J 0\S 

1 


+ 4 


<i3 


+74.V 















Machakos 


1 

50 100 

1 


+i4(; 19 


+17 




67 


57 


+60 


+ 35 


+ 14+ 29 


+18 


Nairobi 


20 100+1GS)'+ 11 '+40 —4-1 

1 1 


+ n 


-\-155 


+88 


+ 70 


+ 3 


+ 2+19 


Kikiiyu 


— 62 


—100 


+1(55'+ 54 +r);{ -4.3 


100 


+ 4-' 


— 












Khlania Ravine 


+ ^^ 


93 


+ 94 23 


17 


—73 


.32 




- 






■ 




Mmnias 


+ ;54 


;^.s 


1 


-33 


+11 


")4 24 

1 


+ 57 


—.32 


+ 29 


J- 59 


-109 


+ 2 


Kisuinu 


+ (51 


- 554 


+ -sy 34— ').'» 


-44 + 11 


+ i-' 


1.3 


•y> 


+ 12+ 94+11 


^ Entebbe 


2.S 


79 


+ 31 


3S 


+22 


+31- 


+100 


33 


+29 


+ 83 


+ i:^ 


+ 2() 


+13 


Wadehii 


7.V 


.■7,S' 


— .")(■) 


43 


+10 


i;() 


•?3 


+ 13 


4 


9 


15+/?'.9 


-13 


'roinlokovo 




> > 


9;-) 


44 


11 


21 


21 


+ ')(! 


+ '.' 


+ -^ 


+ 15+-?67 


3 


Koclok 








100 


— .9,,'!— 53 


20 


- 2(! 


(i4 +(5.3 


+114 


+Jt67\ 


9 


Khartoum 











'+'W 


—,}(> 


- or 


■j-l.'1—flO 


+.',00 


1 


+49 


Addis Abbaba 


— U — 81 


4.-> 










9 i -I- 300 —100 . — 

' 1 


li')Si'ires^'> 











y ^2.s +')4 11 


1.3 - 9 


+1.',.', +11S '■- a 


A.l.li Ugri ... 


1) 


+151/ 


— ,U 


/.V+07 12+43 


+ 4+-W 


+,>9() +if;7 lo/i+ii^ 


Kassala 











100 - ri 


+ '■'' 


-|- oo 


+ l,s+«.3 


lOo 


10(1 

1 


+2,s 



(1) Stations having at least 5 yc»irs observations except lloseiros which ha-s \S only. 
Note. Numbers in italics refer to months in which the givera<'0 rainfall is l^i) luui. or less 
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The rainfiill may now be desci'ibed month by month commencing 
in tlie southern part of the area. 

At Zoniba the winter rains Avere much below the average up to 
tlve end of the rainy reai^on: — 

Rainfall in mm. 





Mean 


11»05 


Deficiency 

in mm. 


Pebcentage 
Deficiency 


January 


289 


211 


78 


27 


J^'cbriiary 


287 









March 


217 


126 


91 


42 


April 


97 


3 


94 


97 



On the phiteau of British East Africa the rainfall in January is January, 
norniallv about 40 50 mm. l)ut this vear it was deficient except at 
Eldama and Molo; round the A^ictoria hike though below the average 
at li^ntebbe, it was above it at Kisunui and Mumias, while in the north- 
east portion of the basin it was exceptionally heavy at Nandi (257 mm.), 
and Mohoroni fl49 mm.) «ind Kerieho (160 mm.) seem to be high. 
West of the lake rain was rather in excess at both Mbarara and 
Masaka though normal at Fort Portal. At Butiaba (on lake Albert) 
atid at Wadelai a small deficiency appears but in this region the 
normal rainfall is so small that the deficiency cannot be said to be 
of any weight. 

In February on the British East African plateau rain f^iilcd p^i^^.^ 
absolutely at five stations while 3 and 4 millimetres were recorded 

at the others; the normal rainfall prol)ably approaches 80 mm. In the 

Victoria lake basin a similar deficiency occurs at every station until 

Mbarara, between the Victoria and Albert Edward lakes, is reached 

where there is an excess as compared with previous years as well as 

at Fort Portal and Butial)a. At Wadelai the normal rainfall is slight 

but less than half the usual amount was recorded. 

In March the rainfall at Zomba and Tabora was deficient but no March, 
information is yet to hand which Avould show if the drought spread 
over a wide inland area since very different conditions prevailed over 
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the coast belt and the country generally to the northward. At the 
coast stations, and on the British East African plateau the precipi- 
tation was abundant, exceeding the normal by amounts ranging from 
100 per cent, to over 200 per cent. On the Victoria lake the excess 
was less though still considerable, and to the west of the lake it 
affected all stations except Butiaba which Avas normal. To the north 
on the Bahr el-Jebel the almost complete failure of the rains cont- 
tinued, only 4 per cent, of the normal being recorded. 

April. AVhile in April the rainfall at Zomba failed almost completely, 

the defect on the coast of British East Africa was less pronounced, 
and on the plateau it was moderate at some stations while at others 
there was an excess. Stations to the north-east of the lake received a 
good rainfall Avhile those on the lake shore were considerably below 
the average, as well as those to the west of it. On the Bahr el Jebel at 
most stations the rains begin in this month, and also on the lower 
reaches of the Sobat and on the White Nile but in 1905 in both 
these areas the April rains were abnormally weak. 

^**y* In May the rainfall maintained its strength on the coast, but 

inland on the plateau both excess and defect were recorded, as well 
• as in the lake basin both to the north and west. On the Bahr el 

Jebel excess occurred at Wadelai and Nimule but the rainfall was 
deficient in the lower reaches, and shiiilar conditions were experi- 
enced at Nasser on the Sobat and on the White Nile. On the Blue 
Nile there was a slight excess, as well as in Eritrea, while on the 
Sudan plains the quantities registered were rather low. 

J^"e. Ill June the rainfall over the lake basin and in the region of the 

equator diminishes greatly and the rainbelt moves to the more nor- 
thern countries. This year the reduction was very abrupt and the 
quantity which fell was considerably below the average on the coast 
and moderately so on the plateau and in the lake basin. On the 
Bahr el Jebel, the Sobat and the White Nile the deficiency continued 
to be considerable, though Wau in the Bahr el Ghazal and El Obeid 
in Kordofan were but little affected, while at stations on the plains 
of the Blue Nile, the Atbara, and the Khor el Gash as well as in 
Eritrea there was a fair excess. 

July. In July the dry season has set in oyer the equatorial region and 

to the south of it; but rain was heavy to the north-east of lake Vic- 
toria at Nandi and Kericho, while the lake stations except Mumias 
recorded an excess; west of the lake there was a slight deficit, and on 
the Bahr el Jebel, the Sobat, and the White Nile a considei'able one. 
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On the Abyssinian tnbleland rain was reported to be feeble especial- 
ly in Shoa and this effect extended west as far as Roseires, but the 
Blue Nile plains beyond this had good I'ains as well as those of the 
Atbara and Gash, while in Eritrea tliere was a considei'able excess. 

In August there is little of importance to record on the equator- August. 
ial region but at Butiaba and on the Bahr el Jebel there was a large 
excess which extended to the Bahr el Ghazal but which did not reach 
the Sobat and White Nile where rain was deficient In Abyssinia 
the unfavourable conditions were unchanged and extended to Rosei- 
res, though in Eritrea and on the plains of tlie Atbara, Gash and the 
Blue Nile the minfall was above the average. 

Though no rain fell north of Merowe a heavy storm which 
])assed over Khartoum on August 20 caused a thickly over-cast sky 
as far north as Aswan on August 21 where the occurrence caused 
much misgiving to the astronomers preparing to observe the tottil 
eclipse on August 30 lest similar conditions should prevail on that 
day. 

In September the dry season is drawing to an end in the equa- September, 
torial region, the Abyssinian rains are decreasing and on them large- 
ly depends the low stage level of the Nile in tlie following spring 
and early summer. In 1905 Abyssinian rainfall was poor, that of 
Eritrea above the average, as it had been throughout the summer, 
while the same favourable conditions were maintained over the Sudan 
plains and for the first tune extended to the White Nile where the 
rains were considerably in excess at Kodok. Heavy rain at Merowe 
near Dongola in this month is probably unusual. 

On the Sobat rainfall was a))ove the average, as it was also at all 
the northern stations in the Bahr el Jebel, and at Wau in the Bahr- 
el-Ghazal. In the neighbourhood of Ghaba Shambe, where 232 
millimetres were recorded, the minfall Avas exceptionally heavy and 
its effect on the wide expanse of marsh, which occurs at this part of 
the Bahr el Jebel, was to raise the water level and add a considerable 
supply to the main river for a short time. This point is considered 
further on p. 31 

In October the Sudan rains improved generally but as at this October, 
season the normal rainfall is light the effect was slight. 

In November rain has normally ceased in the Sudan and in Abys- 
sinia except on the eastern coast of the plateau. At Addis Abbaba 
heavy rain fell, and at the end of the month it was reported as l)eing 
unusually heavy on the Abyssinian plateau near the sources of the 



December. 
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Sobat. On the Balir el Jebel rain was about normal, but It was 
considerably al)ove the average on the north shore of the Victoria 
lake and moderately so on the plateau of British East Africa, while 
at Zomba it was very heavy. 

In December the conditions were generally the same, so that 
after a very poor sunnner rainfall at most places north of the Equa- 
tor the autumn rains showed a marked improvement, but so far as 
the latest information goes, in British Central Africa at least rainfall 
in January and February 190(J are much beloAv the average. 



The lake and river levels in 1905. 



At the end of 1904 ^^^ it was pointed out that weak autumn rains 
following a poor Nile flood would inevitably cause very low levels at 
low stage in 1905, and this was fully borne out, since the Nile at Wadi 
Haifa was much below the average and the late arrival of the rains 
increased the deficiencv. 

Difference in centimetres between 5-day means of gauge readings 
AT Wadi Halfa 11*05 and the mean values of 1890-1904 





1-5 


6-10 


11-15 
— 41 


16-20 
— 44 


21-25 


26-31 
45 


Mean 


May 


37 


40 


44 


42 


June 


46 


54 


— 60 


66 


— 80 


86 


65 


Julv 


91 


88 


104 


135 


158 


168 


124 



The level of lake Victoria was fairlv h'vAi in 1904 thou«^h it fell 
in the latter part of the year ; in 1905 there was a very low maximum 
in May followed by a steady fall which lasted until the end of the 
year. The mean level of the year (Kisuinu, Port Florence gauge) and 
the change of level in the year as compared with those of previous 



vears is given in the followinor table : 



(i; The liaius of the Nile Basin in 1904. Cairo, 1905 p. 2o. 
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Mean'i' 


Maximum ^^^ 


Minimum *^^ 


Mean Lovel<" 
January 


Change '2' 















m. 


m. 


m. 


m. 


mm. 


1896 


0.928 


1.14 


0.67 


1.10 




1897 


(3) 


(3) 


(3) 


0.86 


240 


1898 


(3) 


(3) 


(3) 






1899 


0.733 


1.09 


0.30 


0.95 


+ 90(4' 


19J0 


0.391 


0.67 


0.02 


0.45 


500 


1901 


0.508 


1.05 


0.16 


0.32 


130 


1902 


0.172 


0.44 


0.02 


0.18 


140 


1903 


0.742 


1.05 


0.24 


0.37 


+ 190 


1904 


0.917 


1.38 


0.66 


0.85 


+ 480 


190o 


0.696 


1.00 


0.b9 


0.73 


120 



The Albert Icike fell rapidly in February and only rose slightly 
in September and October until the level at the end of the year was 
0.42 metre less than at its commencement, so that if it is assumed 
that the same fall took place on tlie Wadelai gauge about 90 cubic 
metres per second less were leavdng the lake in December 1905 than 
in January. 

The actual clianoe on the Wadelai ffau^fe is not known as con- 
nection between the gauge- well and the river was found in March 
1905 to be sanded up, and on clearing it, the water level in the gauge 
well fell 0.54 metre; the level then fell until the latter part of August, 
but rose 0.2 metre in September and October. The almost complete 
failure of the rains on the Bahr el Jebel is clearly shown l)y the 
gauges, (Plate IV) for, except a few sudden rises in May, tliere was 
no decided increase of the water-level until the middle of Auirust, 
while a fall towards the end of September was followed by a con- 
siderable rise in the middle of November, due to the unusually heavy 
autumn rains. A similar late and heavv rainfall in the Bahr el 
Ghazal is shewn by the gauge on the Jur river at Wau (Plate VI). 

A river gauge was erected at Bor early in the year and readings 
commenced from Mav 12. This srauofe is most instructive for it 
shows only a slight rise of 0.15 metre in June, a hardly perceptible 
one of 0.05 metre in September and another of about an equal amount 
in November; the rises shown by the Gondokoro and Mongalla gauges 

(1) These Tallies differ by- 05 cm. from the values communicated to Irrigation 
offices in Egypt since for these latter the lake level at Kisuma Dec. ."Ist, 1903 
was taken to be 1.50 m. 

(2) i. c. difference between mean level in January of each year. 
(JS) Incomplete. 

(4) from Jan. 1897 to Jan. 1899. 
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175 and 134 kilometres up-stream respectively have disappeared 
since the water has spread out in the lagoons and channels of the 
valley, as the measured discharges shown. Further dow^n the river 
at Ghaba Shambe the change of level is greater again but this is due 
more to rainfall ing on and draining into the wide expanse of 
marsh near this point than to the passage of a flood-wave down- 
stream. 

The maximum and mean level of the water at Ghaba Shambe 
were 1.80 metres and 1.48 metres as compared with 1.95 and 1.59 of 
the previous year. 

A little north of Kenisa after the eastern branch of the Bahr el Jebel 
(known as the Awai) rejoins the main-stream the marshes of the valley 
reach their greatest development. They have not as yet been sur- 
veyed but since the higher dry ground is not far from the Bahr el 
Jebel on the west ^^\ and Captain Liddeirs^^^ route limits their exten- 
sion tow^ards the east, it may be said as a fair approximation that they 
cover an area measuring some 100 kilometres from north to south 
and 40 kilometres from east to west. Into this drain normally the 
Myding, a branch of the Awai, Avhich is described as blocked by 
vegetation at a short distance from where it enters these marshes, 
and also one large and numerous smaller branches of the Bahr el 
Jebel. Besides these a considerable amount of water must be brought 
into these marshes by the khors and drainage lines from the east 
and south-east in the rainy season besides what actually falls on 
this area as rain. This marsh-basin supplies the Bahr el Zaraf which 
is not simply a branch of the Bahr el Jebel, as has been frequently 
asserted, but is a perennial stream fed by these marshes and by the 
rainfall draining into it lower down its course. Sir Samuel Baker ^^^ 
and Connnandant Henri ^^\ both of whom made their way into the 
Bahr el Jebel from the upper reaches of the Bahr el Zaraf in years 
when the former channel was blocked bv sadd, w^ere onlv cable to 
do so with the js^reatest difficultv. Sir Sanmel Baker had to cut a 
channel for a considerable length for his boats and cirtificially raise 
the water level by means of a dam, while Commandant Henri speaks 
of having to drag his boats for long distances sometimes through 
channels a metre or so wide and at others traversino^ sheets of water 
only 20 centimetres deep. 



(1) Sir VV. Garstin - A Report on tlie IJasiii of the Upper Nile, Cairo VJM Maps. 

(2) Geog. Jour. Dec. 1904 ^ 

(3) Ismailia, London 1874, Ch/ip VI. 

(4) Bui, Soc. Htudcs Colouialoa nrussols 1902. 
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Though the sadd which has so often blocked the channel of the 

Bahr el Jebel has most frequently occurred in the last 100 kilometres 

of its courses at a short distance doAvn-streain of Ghaba Shambe there 

is H point Avhere blocks occurred in 1878-J) and again more recently. 

It was easy to connect this with the large expanse of marsh at this 

part of the river l)ut the rainfall of 1905 directs attention to the 

iniportiiut part that rainfall on this area plays in disturbing the 

stability of river and Valley at this point. Discharges measured by 

the Sudan Irrigation Service on September 30, 1905 showed that a 

branch comint]: from these marshes Avas brin^irino: into the Bahr el 

Jebel 200 cubic metres i)er second more than a large branch which 

left it several kilometres higher uj) was taking out, while the Ghaha 

Shambe gauge readings clearly show the rise of level due to the 

September rains which were unusually heavy. Tliough records of 

the Avater level of the Bahr el Jebel and the rainfall in this part of 

the country are scarce, a few have been preserved which show hoAv 

greatly this portion of the valley is affected by heavy rainfall. In 

1859 rains on the Bahr el Jebel failed until the end of June but 

afterwards the v were verv heavv(^). KaufmannC^) recorded a total 

rise of 1.9 metre at the Austrian Mission atlvenisa. In 1861 the rains 

were again late but very heavy at the end of the summer ; PoncetO"^) 

states that it rained continuously from August 20 until September 

20, and the river rose until September 22^ only commencing to fall 

on October 10. The Mission station is said to have been an island 
50 paces by 8 in the midst of flooded marshes. In 1878, a year of 

lieavy rainfall, the Bahr el Jebel was blocked 8 kilometres below 
Ghaba Shambe^ but Emin Pasha was able to pass round it without 
difficulty showing that water was high in the marshes and back 
channels. Thus the wide area of marsh which may receive within 
a short time very large quantities of rain must seriously affect the 
conditions of this length of the river, and greatly increase the diffi- 
culties of maintaining it in a stable condition. 

The rainfall on this part of the Bahr el Jebel is therefore of 
especial interest as affecting it in an unusual degree, and it will have 



(1) Morlang Pet. Mitt. Erganzungshand X and Priiyssenacre Pot. Mitt. Erganzung- 
sheft 50 p, 8. 

(2) Das Gebiet des weissen Flusses. Brixeu 18G1 and Pot. Mitt. 18G1 i). ;iG8. 

(3) Le Flcuvc blanc p. 47. 

(4J r^r. Mill. EL ' i>lUiy.Ul]gbllljfl Li. 1009 pp. li ^ llO . 
(^ Pet. Mitt. 1881 p. 421. 
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to be taken into consideration in deciding upon the most advantage- 
ous means of increasing the volume of water which reaches the White 

Nile. 

The following table «:ives the dailv rainfall for the month of 
September 1905 at stations in this part of the country 



•R.ii.infft.n ( in miUimetres ) September 1905 



Date 


Gondokoro 


Mongalla 


Bor 


Ghaba 
Shambe 


Wail 


Doleib 
Uilla 


1 

Nasser 


1 


19 


1 

50 


16 




1 

40 


i 2 


5 


2 




I 


17 


36 








3 

















4 






20 





10 


6 




5 








4 


2 






G 








1 




4 


8 


7 












. 




8 


3 


1 






34 






9 


6 


3 








19 




10 










28 


47 


23 


11 


29 


32 




22 


5 


1 




12 


6 


1 


16 










13 




1 




2 








14 


6 


38 






14 






15 


9 


t 






2 






16 




i 


18 


87 








17 












1 




18 




1 

1 












19 












1 


26 


20 










4 


73 




21 

















22 


41 


30 


16 










23 


3 




18 


2 






40 


24 








17 








25 
















26 


18 


3 


20 




1 




— 


27 


2 
















28 












4 


"^^M 




29 


12 


17 










12 


30 






8 


59 


144 


153 


5 


Total 


154 


174 


149 


230 


119 
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On the Sobat a new gauge was erected at Gambela a little 

downstream of the junction of the Baro and the Birbir rivers, at the 

point w^here the Baro leaves the hills, and readings were commenced 

on May 5. The river is a true mountain stream at this point rising 

and falling rapidly as its different tributaries come down in flood. A 

comparison of this gauge with that of Nasser is most instructive; the 

first rises at Gambela are quickly and sharply reproduced on the 

downstream gauge 266 kilometres away, but later as the Baro 

rises, it ponds back thewaters of the rivers coming from the plains 

to the south, reducing their water-slope and causing their waters to 

flood the low plains through which the Pibor and other rivers flow, 

so that the lower gauge ceases to reproduce them and after the middle 

of July shows a steady undisturbed rise. A break in the rains at the 

end of September, which caused a fall of over 2 metres at Gambela, 

was unfelt at Nasser where the level was presumably maintained by 

water from the flooded Pibor plains, into which the Akobo, the Gelo 

and other rivers from the Abyssinian plateau pour their w^aters. In 

the latter part of November a heavy burst of rain on the plateau 

cheeked the fall and until the end of November (see plate V) the river 

at Gambela maintained a nearlv constant level. 

The Sobat was effected by the deficient rainfall of the summer 
months as is shown in the following table : — 

Mean level of the Biver Sobat at Boleib Hilla in metres. 



Year 


May 


June 


July 
1.99 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


1903 


0.48 


1.46 


2.54 


3.03 


3.39 


3.49 


3.52 


1904 


1.09 


1.76 


2.29 


2.70 


3.02 


3.18 


3.22 


2.94 


1905 


0.53 


1.05 


1.74 


2.22 


2.61 


2.82 


2.92 


[2.89] 
















•i 





The first signs of the rise appeared at Nasser on May 1 and at 
Doleib Hilla on May 1 1, while in 1904 the corresponding dates were 
March 5 and March 10. 

On the White Nile the water-level is determined by the Sobat 
at Taufikia and at Dueim from November to June, while the Blue 
Nile flood controls it from July to O(*tober. The levels this year 
were consequently below the average, since these rivers were low. 
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On the Blue Nile the water-level was recorded at Roseires, 
Seniiar, Wad Medaiii and Khartoum, but at Wad Medani errors Avere 
made m reading the gauge so that for the 1905 flood season it is only 
useful for showing the date of the various rises and falls at this point 
of the river, and cannot be tiiken as a record of the water-level since 
the range was 5.80 metres against 8.82 metres in 1903; no difference 
of such magnitude is shown by the other gauges. The river rose first 
at Roseires on May 1, a date not very different from that of 1904 
though in that year there was also a small early rise in the latter 
part of March, but as the sunmier went on the rise was less rapid 
than usual in consequence of the weakness of the rains throughout 
Abyssinia. The maximum gauge reading was recorded at Khartoum 
on September 7, the average date, but the period during which it 
stood near the highest level was about 5 weeks only against 7 in 1904. 

The difference in the voliune of the two floods may be shown by 
comparing the volumes passing Aswan l)etween July 21 and October 
31 in the three years 1903, 1904, 1905 :— 

Mean volume pasciing Aswan in millions of cubic metres per day 



Month 



July 



August 



Period 



September 



October 



^21 

\ 26 

1 

« 

11 

16 
21 

L 26 

1 
6 
11 
16 
21 
26 

1 
6 
11 
16 
21 
26 



- 25 

- 31 

- 5 

- 10 

- 15 

- 20 

- 25 

- 31 

- 5 

- 10 

- 15 

- 20 

- 25 

- 30 

- 5 

- 10 

- 15 

- 20 

- 25 

- 31 



1903 



142.6 
180.6 

215.1 
274.8 
364.2 
532.7 
717.1 
784.1 

727.5 
764.6 
786.2 
755. 1 
715.4 
717.1 

691.2 
611.7 
567.6 
531.4 
474.3 
418.6 



1904 



168.5 
254.9 

337.0 
482.1 
630.7 
591.0 
566.4 
546.9 

549.5 
580.6 
606.5 
580.6 
570.2 
559.9 

511.9 
469.2 
406(5- 
348.6 
297.2 
262.7 



1905 



71.3 
92.4 

160.4 
214.3 
229.0 
313.6 
527.5 
578.9 

582.3 
591.0 
625.5 
622.1 
575.4 
577.2 

559.9 
502.8 
426.4 
340.8 
281.7 
235.0 
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The satisfactory development of the rains in Eritrea, where they 
were above the average throughout the summer, produced a more 
favourable flood in the Mareb, and its lower reach the Khor el Gash, 
than has been experienced for several years. This hardly seems to 
have reached the basin ol the Takazze and the Setit sufficiently to 
aifect the river supply until late in the season for though the highest 
readint^s at Khashm el Girba were above those of 1J)04 the Berber 
gauge reached 3.2 metres on July 20 against eluly 5 in 1904, and 
fell to this level on November 28 against November 22 in lt)04; still 
the gauge at Khashm el Girba was higher at the end of October 1905 
than in 1904 showing that the rains in Abyssinia had scmiewhat 
improved. The November rainfall at Addis Abbaba was 44 mm. or 
37 mm. above the avemge and heavy i*ainfall was reported from the 
upper reaches of the Baro in the latter half of this month, while the 
Roseires gauge readings substantiate this late improvement in the 
rains bv a rise in the middle of October and another in the second 
week of November. This will probably improve the low stage condi- 
tions of the river in the early summer of 1906, which promised to 
be extremely low in consequence of the feeble flood and the early 
cessation of the rains on the Abyssinian plateau. This improvciuent 
is shown by the readings of the Khartoum gauge. 



Difference From 6-Tear Mean 1900-1905 in centimetres. 



5-day period 


October 


November 


December 


Jamuiiy IDOi). 


1 - 5 
6 - 10 
11 - 15 
IG - 20 
21 - 25 
26 - 31 


21 
35 
36 
44 
47 
—37 


32 

—21 

11 

2 

+ 2 




+ 5 
+ 9 
+13 
+ 8 
+ 4 
+ 6 


+14 
+19 
+26 
+33 

+31 
+35 


Mean 


37 


11 


+ 8 


+26 
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Meteorological Conditions of the Summer months. 

Looking back ov^er the floods of recent years we see that 
since 1896 all the floods except that of 1898 have been below the 
avera<»;e, and it has been maintained that such a series is wholly 
unprecedented. Hence, it is argued, conditions must have changed 
in the regions of the Upper Nile and a pennanently reduced flood 
supply is to be anticipated as the result of this assumed change of 
conditions, which is assumed to be permanent. But for this despon- 
dent view no real ground exists. In the first place a similar dry 
period has aff^ected India, x\ustralia and South Africa, which also 
border on the Indian Ocean, and though the same degree of defici- 
ency has not been recorded in each of these areas in any one year, 
they have all suff^tred from a geneml feebleness of precipitation. 

The reduced rainfall on the Abyssinian tableland during 
these past 7 years is not aji isolated case, but is due to meteorologi- 
cal conditions which have similarly aff^ected a very wide area. 

Beyond 1719 the record of the Nile flood at Roda is much 
broken, but from this date to 1800 and again from 1825 to 1905 we 
have reliable records for 163 years. It will be seen from Plate VIII 
that several groups of years occur in which low floods greatly predo- 
minated. The most pronounced is that from 1781 to 1799 in which 
all floods except those of 1787 and 1798 were bolow the average, 
those of 1782, 1783, and 1784 being particularly low. After the high 
flood of 1829 all floods except that of 1834 were below the average 
until 1840, while 1864-8 and 1880-1886 were periods of minor defect. 
Thus periods in which low floods predominante have lasted in the 
past for even longer than in the present case without a permanent 
reduction resulting. It must be cidmitted however that very little 
is known as yet of the factors which exercise most influence on 
precipitation in the various parts of the lands which surround the 
Indian ocean. So far as the basin of the Nile is concerned the exper- 
ience of 1905 emphasises the necessity for extreme caution in drawing 
deductions from scanty materials, for, as we have seen, excessive 
precipitation in the coast and in British East Africa, and in Eritrea 
was associated with extreme deficiency on the Bahr el Jebel and on 
the central and southern parts of the Abyssinian plateau. I have 
pointed out that there is very frequently a relation between the 
rainfall of Abyssinia and the atmospheric pressure over north- 
eastern Africa such that about 6 cases out of 7 in 36 years showed 
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excess of pressure in years of scanty flood while in years of floods 
above the average, the pressure was in defect. 

In 1905 this held good as the pressure was in excess at almost 
all stations throughout Egypt and the Sudan though at Wadi Haifa, 
Berber, and Suakin some mouths were slightly below the average of 
the last 4 years which have however all been above the normal in 
the summer months as judged by the records of Beirut, Alexandria 
and Cairo. 
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Differences of the AtmoBpheric Pressure from the Normal — 1905 



PLACE 



Yt ars of 


May 


June 


July 


Aug, 


Sept 


observatiouB 


lUID. 


mm. 


mm. 


mm. 


nitn. 



Oct 
nim. 



Beirut . . 

Port-Said... 

Alexandria 

Cairo 

Assiut 

Aswan 

Wadi Haifa 

Berber 

Suakin 

Kliartonni 

Wad Medani 

Diieim 

Aden 

Mauritius 

Zomba ... : 



31 



5 



34 



"22 



.5 



5 



.■) 



25 



^0.5 



+ 0.4 
+ 0.4 
+ 0.6 
+ 1.6 
+ 1.0 
— 0.1 
+ 0.7 
+ 0.2 
+ 2.3 
I- 1.0 



+ 0.9 
+ 0.6 
+ 0.7 
+ 0.2 



+ 0.5 

+ 1.1 
+ 2.7 
+ 1.3 



— 0.3 



+ 0.2 

+ ai 

+ 3.0 



—0.2 



— 1.8 



+ 0.2 —0.3 
+ 0.8 +0.6 
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-1-0.1 



0.0 
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—0.6 



+ 0.6 



0.7 —1.6 



+ 0.1 +0.5 



!r I 
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+ 2.0 +1.3 

+ 1.1 +0.9 
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